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(54) METHOD OF GROWING NITRIDE SEMICONDUCTORS, NITRIDE SEMICONDUCTOR 
SUBSTRATE AND NITRIDE SEMICONDUCTOR DEVICE 



(57) A method of growing a nitride semiconductor 
crystal which has very few crystal defects and can be 
used as a substrate is disclosed. This invention includes 
the step of forming a first selective growth mask on a 
support member including a dissimilar substrate having 
a major surface and made of a material different from a 
nitride semiconductor, the first selective growth mask 
having a plurality of first windows for selectively expos- 
ing the upper surface of the support member, and the 
step of growing nitride semiconductor portions from the 
upper surface, of the support member, which is exposed 
from the windows, by using a gaseous Group 3 element 
source and a gaseous nitrogen source, until the nitride 
semiconductor portions grown in the adjacent windows 
combine with each other on the upper surface of the 
selective growth mask. 
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Description 

Technical Field 

[0001] The present invention relates to a nitride sem- s 
iconductor growth method, a nitride semiconductor sub- 
strate, and a nitride semiconductor device and, more 
particularly, to a method of growing a nitride semicon- 
ductor having good crystal quality by using a substrate 
made of a material different from a nitride semiconduc- io 
tor. a nitride semiconductor substrate, and a nitride 
semiconductor device. 

Background Art 

IS 

[0002] It is generally known that a semiconductor hav- 
ing few crystal def^s and good crystallinity is grown on 
a substrate by using a substrate lattice-matched with 
the semiconductor to be grown. There is, however, no 
substrate that is lattice-matched with a nitride semicon- 20 
ductor. has excellent crystallinity, and allows a nitride 
semiconductor crystal to be stably grown. For this rea- 
son, there is no choice but to grow a nitride semicon- 
ductor on a substrate, e.g., a sapphire, spinnel, or 
silicon carbide substrate, that is not lattice-matched with 2s 
nitride semiconductors. 

[0003] Various research institutes have made 
attempts to manufacture GaN bulk crystals that are lat- 
tice-matched with nitride semiconductors. However, it 
has only been reported that GaN bulk crystals having 30 
sizes of several millimeters are obtain^. That is. any 
practical GaN bulk crystal like the one from which many 
wafers are cut to be actually used as substrates for the 
growth of nitride semiconductor layers has not been 
obtained. 55 
[0004] As a technique of manufacturing GaN sub- 
strates, for example. Jpn. Pat. Appln. KOKAI Publication 
Nos. 7-202265 and 7-165498 disclose a technique of 
forming a ZnO buffer layer on a sapphire substrate, 
growing a nitride semiconductor on the ZnO buffer layer, 40 
and dissolving and removing the ZnO buffer layer. How- 
ever, since the ZnO buffer layer grown on the sapphire 
substrate has poor crystallinity, it is difficult to obtain a 
nitride semiconductor crystal having good quality by 
growing a nitride semiconductor on the buffer layer. In 4S 
addition, it is difficult to continuously grow a nitride sem- 
iconductor thick enough to be used as a substrate on 
the thin ZnO buffer layer. 

[0005] When a nitride semiconductor electronic ele- 
ment used for various electronic devices such as a light- so 
emitting diode (LED) device, a laser diode (LD) device, 
and a light-receiving device is to be manufactured, if a 
substrate made of a nitride semiconductor having few 
crystal defects can be manufactured, a new nitride sem- 
iconductor having few lattice defects and forming a ss 
device structure can be grown on the substrate. There- 
fore, the obtained device acquires greatly improved per- 
formance. That is, a high-performance device that has 



not been realized in the past can be realized. 
[0006] It is, therefore, an object of the present inven- 
tion to provide a method of growing a nitride semicon- 
ductor crystal having excellent crystallinity. 
[0007] More specifically, it is an object of the present 
invention to provide a method of growing a nitride semi- 
conductor crystal that can provide a nitride semiconduc- 
tor substrate, a nitride semiconductor substrate, and a 
nitride semiconductor device formed on the nitride sem- 
iconductor substrate. 

Disclosure of Invention 

[0008] According to a first aspect of the present inven- 
tion, there is provide a nitride semiconductor growth 
method comprising the steps of (a) forming a first selec- 
tive growth mask on a support member made up of a 
dissimilar substrate made of a material different from a 
nitride semiconductor and having a major surface, and 
an underlayer made of a nitride semiconductor formed 
on the major surface of the dissimilar substrate, the first 
selective growth mask having a plurality of first windows 
selectively exposing an upper surface of the underlayer 
of the support member, and (b) growing nitride semi- 
conductor portions from the upper surface portions, of 
the underlayer, which are expose from the windows, by 
using a gaseous Group 3 element source and a gase- 
ous nitrogen source, until the nitride semiconductor por- 
tions grown in the adjacent windows combine or unite 
with each other on an upper surface of the selective 
growth mask. In this case, the total area of upper sur- 
faces of portions, of the underlayer, which are covered 
with the first selective growth mask is preferably larger 
than that of portions, of the underlayer. which are 
exposed from the first windows. 
[0009] According to a second aspect of the present 
invention, there is provided a nitride semiconductor 
growth method comprising the steps of (a) forming a 
first selective growth mask on a support member com- 
prising a dissimilar substrate made of a material differ- 
ent from a nitride semiconductor and having a major 
surface, the first selective growth mask having a plural- 
ity of first windows for partly exposing an upper surface 
of the support member, such that a total area of upper 
surfaces of portions, of the support member, which are 
covert with the first selective growth mask is larger 
than that of portions, of the support member, which are 
exposed from the first windows, and (b) growing first 
nitride semiconductor portions from the upper surface 
portions, of the support member, which are exposed 
from the windows, by using a gaseous Group 3 element 
source and a gaseous nitrogen source, until the nitride 
semiconductor portions grown in the adjacent windows 
combine or unite with each other on an upper surface of 
the selective growth mask. 

[001 0] In the first and second aspects of the present 
invention, the first selective growth mask is preferably 
made up of a plurality of individual or disaete stripes 
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spaced apart from each other, defining the first windows 
therebetween, and extending parallel to each other In 
addition, in the first and second aspects, the ratio of a 
width of each of the stripes to a width of each of the first 
windows Is preferably more than 1 and not more than 
20. in the first and second aspects, it is especially pref* 
erable that the dissimilar substrate be a sapphire sub- 
strate having a major surface forming a (0001) plane, 
and the respective stripes preferably extend in a direc- 
tion perpendicular to a (1 1 20) plane of sapphire; the dis- 
similar substrate be a sapphire substrate having a major 
surface forming a (1120) plane, and the respective 
stripes extend in a direction perpendicular to the (1T20) 
plane of sapphire, or the dissimilar substrate be a spin- 
nel substrate having a major surface forming a (111) 
plane, and the resp^ive stripes extend in a direction 
perpendicular to the (1 10) plane of spinnel. 
[001 1] Furthermore, in the first and second aspects, 
growth of the first nitride semiconductor crystal in the 
step (b) can be performed by metalorganic vapor-phase 
epitaxy, and a second nitride semiconductor crystal can 
be grown, on the grown first nitride semiconductor crys- 
tal, by a halide vapor-phase ^itaxia! growth method. 
Alternatively, the first and second aspects can further 
conrrprise the step (c) of forming a second selective 
growth mask on the first nitride semiconductor grown in 
the step (b), the second selective growth mask having a 
plurality of second windows selectively exposing an 
upper surface of the first nitride semiconductor, and the 
step (d) of growing second nitride semiconductor por- 
tions from the upper surface portions, of the first nitride 
semiconductor, which are exposed from the second 
windows, by using a gaseous Group 3 element source 
and a gaseous nitrogen source, until the second nitride 
semiconductor portions grown in the adjacent windows 
combine or unite with each other on an upper surface of 
the second selective growth mask. In this case, the sec- 
ond selective growth mask preferably has the same 
arrangement or construction as that of the first selective 
growth mask. 

[0012] According to a third aspect of the present 
invention, there is provided a nitride semiconductor 
growth method corrprising the steps of (a) forming a 
nitride semiconductor layer on a support member com- 
prising a dissimilar substrate made of a material differ- 
ent from a nitride semiconductor and having a major 
surface, (b) forming a plurality of recess portions having 
bottom surfaces substantially parallel to an upper sur- 
face of the support member in the nitride semiconductor 
layer, (c) selectively forming a first growth control mask 
on a top surfece of the nitride semiconductor layer to 
selectively expose the nitride semiconductor layer from 
side surfaces of the recess portions, and (d) growing a 
nitride semiconductor from an exposed surface of the 
nitride semiconductor layer by using a gaseous Group 3 
element source and a gaseous nitrogen source. In this 
case, the first growth control mask preferably has the 
same an'angement or construction as that of the first 



selective growth mask in the first and second aspects. 
[0013] In the third aspect, it is especially preferable 
that the step (c) further comprise forming a second 
growth control mask on the bottom surfaces of the 

5 recess portions to selectively expose the nitride semi- 
conductor layer from side surfaces of the recess por- 
tions. In this case, the first growth control mask is 
preferably made up of a plurality of individual or discrete 
stripes spac^ apart from each other, defining the first 

10 windows therd>etween, and extending parallel to each 
other. In addition, it is especially preferable that the dis- 
similar substrate be a sapphire substrate having a major 
surface forming a (0001) plane, and the respective indi- 
vidual stripes extend in a dir^ion perpendicular to a 

15 (1 120) plane of sapphire; the dissimilar substrate be a 
sapphire substrate having a major surface forming a 
(1120) plane, and the respective individual stripes 
extend in a dir^ion perpendicular to the (lT20) plane 
of sapphire; or the dissimilar substrate be a spinnel sub- 

20 strate having a major surface forming a (1 1 1 ) plane, and 
the respective stripes extend in a direction perpendicu- 
lar to the (110) plane of spinnel. 
[0014] In growing a nitride semiconductor crystal 
according to the present invention, the gaseous nitro- 

25 gen source and the gaseous Group III element source 
are preferably supplied at a molar ratio of not more than 
2.000. 

[001 5] In addition, according to the present invention, 
there is provide a nitride semiconductor substrate 

30 comprising a nitride semiconductor crystal and having 
first and second major surfaces, wherein a region near 
the first major surface has a relatively small number of 
crystal defects, and a region near the second major sur- 
face has a relatively large number of crystal defects. 

35 There is also provided a nitride semiconductor sub- 
strate comprising a nitride semiconductor crystal and 
having first and second major surfeices, characterized 
by the number of crystal defects in a surface region in 
the first major surface being not more than 1 x lO^/cm^. 

40 [0016] Furthermore, according to the present inven- 
tion, there is provided a nitride semiconductor device 
comprising a nitrkle semiconductor device structure 
supports on the nitride semiconductor substrate of the 
present invention. 

45 [001 7] Further developments of the present invention 
are desaibed in the following description and the 
append^ claims. 

[0018] In the present invention, a nitride semiconduc- 
tor can be represented by the formula. IngAlyGa^a-bN 
50 (wherein 0 ^ a. 0 ^ b, and a + b ^ 1 ). 

Brief Description of Drawings 

[0019] 

55 

FIGS. 1A to 1C are schematic sectional views for 
explaining the principle of a nitride semiconductor 
growth method according to the first or second 
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aspect of the present invention in the order of the 
steps; 

FIG. 2 is a schematic sectional view showing a sub- 
strate which has an off-angled major surface and 
can be used to grow a nitride semiconductor layer 
in accordance with the present invention; 
FIG. 3 is a view of a unit cell showing the crystal 
structure of a nitride semiconductor; 
FIG. 4 is a plan view showing a support member on 
which a striped-shaped selective growth mask is 
formed; 

FIGS. 5A and 5B are schematic sectional views for 
explaining a nitride semiconductor growth method 
according to another embodiment of the present 
invention; 

FIGS. 6A to 6C are schematic sectional views for 
explaining a nitride semiconductor growth method 
according to still another embodiment of the 
present invention in the order of the steps; 
FIGS. 7A to 7D are schematic sectional views for 
explaining the principle of a nitride semiconductor 
growth method according to the third aspect of the 
present invention in the order of the steps; 
FIG. 8A is a sectional view schematically showing a 
nitride semiconductor light-emitting diode device 
supported on a nitride semiconductor substrate of 
the present invention; 

FIG. 8B is a plane view of the light-emitting diode 

device in FIG. 8A; 

FIG. 9 is a sectional view schematically showing 
another nitride semiconductor light-emitting diode 
device supported on a nitride semiconductor sub- 
strate of the present invention; 
FIG. 10 is a sectional view schematically showing a 
nitride semiconductor laser diode device supported 
on a nitride semiconductor substrate of the present 
invention; 

FIG. 11 is a partially sectional perspective view 
schematically showing another nitride semiconduc- 
tor laser diode device supported on a nitride semi- 
conductor substrate of the present invention; and 
FIG. 12 is a sectional view schematically showing 
still another nitride semiconductor laser diode 
device supported on a nitride semiconductor sub- 
strate of tiie present invention. 

Best Mode of Carrying Out the Invention 

[0020] The present invention will be described below 
with reference to the accompanying drawings. The 
same or similar parts are denoted by the same refer- 
ence numerals tiiroughout the drawings. 
[0021 ] FIGS. 1 A to 1 C are sectional views for explain- 
ing the principle of a nitride semiconductor growth 
method according to the first aspect of the present 
invention in the order of the steps. 
[0022] As shown in FIG. 1A, first of all, a support 
member 10 made up of a substrate (to be sometimes 
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referred to as "dissimilar substrate" hereinafter) made of 
a material different from a nitride semiconductor and an 
underlayer 12 made of a nitride semiconductor formed 
on the substrate 1 1 is prepared. 

5 [0023] In the specification and the claims, tiie "under- 
layer" means a layer made of a nitride semiconductor 
grown not by tiie growth metiiod of the present invention 
but by a general nitride semiconductor growtii method. 
This underlayer 1 2 may be of a single-layer structure or 

10 a multilayer structure. FIG. 1 A shows the underlayer 12 
as a buffer layer of a single-layer sti'ucture. Such a 
buffer layer eases or alleviates tiie lattice mismatch 
between the dissimilar substrate 1 1 and a nitride semi- 
conductor aystal grown on the underlayer 12 to allow a 

15 nitride semiconductor crystal having better crystallinity 
to grow tiiereon. In general, this crystal is grown to sev- 
eral ten angstroms to several hundred angstroms at a 
low temperature less tiian SOO'^C. usually SOO^'C to 
800**C. It is especially preferable that such a low-tem- 

20 perature buffer layer be made of undop^ GaN doped 
witii no impurity. In the present invention, if the under- 
layer is formed to have a multilayer structure, a nitride 
semiconductor crystal having lesser crystal defects can 
be formed on the underlayer. In the present invention. 

25 for exanple. an underlayer of a multilayer structure can 
be made of a low-temperature buffer layer like the one 
described above, which is fbrm^ on the dissimilar sub- 
strate 11, and another nitride semiconductor layer 
formed thereon. It is especially preferable that tiiis 

30 another niti'ide semiconductor layer be made of AlxGa^. 
(0 ^ X ^ 0.5). The another nitride semiconductor 
layer is formed to have a thickness larger than ttiat of 
tiie low-temperature buffer layer, preferably 10 ^m or 
less. The underlayer 12 can be grown by any of the 

35 known metiiods suitable for tiie growth of a nitride sem- 
iconductor. e.g.. the metalorganic vapor-phase epitaxial 
method (MOVPE), the molecular beam epitaxial method 
(MBE), and the halide vapor-phase ^itaxial growtii 
metiiod (HVPE), by using a gaseous Group 3 element 

40 source cind a gaseous nitrogen source. 

[0024] Referring to FIG. 1A again, a selective growtii 
mask 13 having a plurality of windows 14a to 14d partiy 
(selectively) exposing the underlayer 12 is formed on 
tiie underlayer 12 formed on the dissimilar substrate 1 1 . 

45 FIG. 1 A shows, as a prefenred form, tiie selective growth 
mask 13 as being made up of individual or disaete 
stripes 13a to 13e each having a rectangular cross-sec- 
tion. Referring to FIG. 1A. the spaces between the 
stripes 13 con-espond to the windows 14a to 14d. The 

50 windows 14a to 14d will be sometimes generically 
referred to simply as a window 14 hereinafter. 
[0025] As shown in FIG. IB, nitride semiconductor 
portions 15 are grown from the surface portions, of the 
underiayer 12, which are exposed from tiie windows 

55 14a to 14d of the selective growth mask 13 by using a 
gaseous Group 3 element source and a gaseous nitro- 
gen source according to tiie present invention. When 
nitride semiconductor portions are grown on the under- 
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layer 12 whose surface is selectively covered with the 
selective growth mask 13 (or selectively expos^ in this 
manner, the nitride semiconductor portions do not grow 
on the entire surfece of the selective growth mask 13 at 
first, but selectively grow on the portions, of the under- 
layer 12. which are exposed by the windows 14. When 
the nitride semiconductor portions further grow and 
exce^ the upper end faces of the mask 13, each nitride 
semiconductor crystal 15 exceeds a corresponding win- 
dow 14 and then grows laterally on a corresponding 
selective growth mask 13. Since the crystal defects in 
the underlayer 12 are covered with the selective growth 
mask 13. the crystal defects are not easily dislocated to 
the portion, of the nitride semiconductor 15, which 
grows laterally unlike a nitride semiconductor growing 
vertically like the underlayer 12. In addition, the crystal 
defects of the underlayer 12 extend laterally as the 
nitride semiconductor crystal 15 grows on the selective 
growth mask 13, but tends to stop halfway. Further- 
more, some crystal defects dislocated through the win- 
dow 14 appear on the upper surface of the nitride 
semiconductor layer, but the crystal defects tend to stop 
halfway 

[0026] When the nitride semiconductor portions for 
the nitride semiconductor crystals 15 keep growing in 
this manner, the adjacent nitride semiconductor crystals 
15 that grow laterally and vertically on the selective 
growth mask 13 are join^ to each other. Finally, as 
shown in FIG. 1C, ail the crystals 15 combine into an 
integral nitride semiconductor crystal 16. Narrow, small 
cavities 17a to 17e. each located In substantially the 
middle of the upper surface of a corresponding one of 
the stripe masks 13a to 13e. having a triangular cross- 
section, and extending in the longitudinal direction of 
each of the stripes 13a to 13e, prove that the adjacent 
nitride semiconductor crystals 15 grow laterally on the 
selective growth mask 13 and then grow vertically to 
combine with each other (in FIGS. 1A to 1C, the wavy 
lines and the bent lines on the underlayer 12, the nitride 
semiconductor portions crystals 15. and the nitride 
semiconductor crystal 16 indicate crystal defects (pene- 
trating dislocations); the same applies to FIGS. 5A and 
6Ato6C). 

[0027] More specifically, relatively many crystal 
defects are generated in the underlayer 12 grown on the 
different type of substrate 11 or portions of the initially 
grown nitride semiconductor crystals 15 due to the lat- 
tice mismatch between the dissimilar substrate 1 1 and 
the nitride semiconductor portions. During the growfli of 
the nitride semiconductor portions 15, tiiese crystal 
defects can be transfen-ed to the leading or front sur- 
faces of the grown crystals. The nitride semiconductor 
crystal 1 6 formed on the selective growth mask 1 3 is not 
grown from the substrate 1 1 or tiie underlayer 12 but is 
formed such that the nitride semiconductor crystals 15 
grow laterally, and the adjacent nitride semiconductor 
crystals 15 finally combine with each other. Therefore, 
the number of crystal defects in the nitride semiconduc- 
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tor crystal 1 6 formed on the selective growth mask 1 3 is 
much smaller than tiiat in the crystals directly grown 
from tiie dissimilar type of substrate 11 or the nitride 
semiconductor crystal portions initially grown from the 

5 underlayer 1 2 into the windows 1 4a to 1 4f . By using tiiis 
combined nitride semiconductor crystal 16 as a growth 
substrate for various nitride senvconductor layers con- 
stituting a device structure, a nitride semiconductor 
device having crystallinity superior to that of a conven- 

io tional device and hence having excellent performance 
can be realized. 

[0028] The principle of a nitride semiconductor growth 
method according to flie second aspect of the present 
invention will be describe next with reference to FIGS. 

15 1A to 1C. In tiie nitride semiconductor growth method 
according to the second aspect, a selective growth 
mask 13 is fbrm^ such that the total area of the upper 
surfaces of tiie portions, of a support member 10. which 
are covered with the selective growth mask 13 is larger 

20 than the total area of the upper surfaces of the portions, 
of the support member 10. which are exposed through 
windows 14a to 141 A nitride semiconductor crystal 16 
having fewer crystal defects can be obtain^ by setting 
the total area of the upper surfaces of the portions, of 

25 the support member 10. which are covert with the 
selective growth mask 1 3 to be larger than the total area 
of the upper surfaces of the portions, of tiie support 
member 10, which are exposed tiirough windows 14. In 
tiie second aspect, the combined nitride semiconductor 

30 aystal 16 can be grown by the same method as in the 
first aspect except for tiie use of the selective growtii 
mask 13 having tiiis relationship between tiie total area 
of tiie covered surfaces and tiie total area of the 
expose surfaces (see the above description about the 

35 first aspect, made with respect to FIGS. 1 A to 1 C). 
[0029] In tiie second aspect, an underlayer 1 2 is pref- 
erably present for the above reason describe concern- 
ing the first aspecX, but can be omitted. That is. in tiie 
specification and the claims, a support member can be 

40 made of only a dissimilar substrate 1 1 . or of the dissim- 
ilar substrate 1 1 and tiie underlayer 12 formed thereon. 
[0030] Obviously, in the first aspect as well, the selec- 
tive growtii mask 13 is preferably formed such tiiat tiie 
total area of tiie upper surfaces, of the support member 

45 10. which are covert with the selective growtii mask 
13 is larger tiian tiie total area of the upper surfaces, of 
tiie support member 10. which are exposed through the 
windows 14a to 14f. 

[0031] Preferable conditions for the nitride semicon- 
50 ductor growtii metiiod according to tiie present inven- 
tion will be described next. 

< Dissimilar Substrate) 

55 [0032] As described above, the dissimilar substrate 1 1 
is not specifically limited as long as it is made of a mate- 
rial different from a nitride semiconductor. For example, 
a substrate made of a material different from a nitride 
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semiconductor such as an insulating subfstrate like a 
sapphire having the C plane ((0001) plane), the R plane 
((1T02) plane), or the A plane ((1 120) plane) as a niajor 
surface or spinnel (MgAl204), an SIC (including 6H, 4H, 
and 3C), a ZnS substrate, a GaAs substrate, or an Si 
substrate, can be used. Note that an oxide substrate 
(e.g.. a ZnO substrate or LaxSr^.xAlylai.yOa substrate) 
that can ensure lattice match with a nitride semiconduc- 
tor may be used, although it tends to decompose during 
the growth of the nitride semiconductor. The dissimilar 
substrate can have a major surface size of a diameter of 
1 inch or 1 inch square or more, and preferably has a 
major surfece size of a diameter of on 1 inch or 1 inch 
square to a diameter of 3 inches or 3 inches square. 
The nitride semiconductor crystal grown by the present 
invention can have a surfece size almost equal to that of 
this dissimilar substrate. 

[0033] As the dissimilar substrate 1 1 , a substrate hav- 
ing a major surface off-angled from the horizontal plane, 
preferably a major surface off-angled stepwise, can be 
used. Such a substrate will be described in detail with 
reference to, for example. FIG. 2 showing an enlarge 
view of a sapphire substrate 1 1 having a major surface 
off-angled stepwise. This substrate 1 1 has substantially 
horizontal tenrace portions A and stepped portions B. 
The terrace portions A are regularly fbrm^ while the 
average size of uneven portions on the surface of each 
terrace portion A is adjusted to about 0.5 angstron^s, 
and the maximum size is adjusted to about 2 ang- 
stroms. The size of each st^p^ portion B is preferably 
30 angstroms or less, more preferably 25 angstroms or 
less, and most preferably 20 angstroms or less. The 
lower limit of the size of each stepped portion B is pref- 
erably 2 angstroms or more, Stepp^ portions each 
having such an off angle 8 are preferably formed contin- 
uously on the entire surface of the dissimilar substrate 
11 . but may be partly formed. As shown in FIG. 2, the off 
angle 8 of the major surface off-angled st^wise is the 
angle defined by a straight line connecting the bottom 
portions of a plurality of stepped portions and the hori- 
zontal plane of the terrace portion on the uppermost 
layer. When a sapphire substrate having a C plane as a 
major surface is used as the dissimilar substrate 1 1 . the 
off angle 8 with respect to the C plane is 1 or less, pref- 
erably O-S"" or less, and more preferably O.B'' or less. 
With the use of a dissimilar substrate having a major 
surface off-angle in this manner, the interatomic dis- 
tance between the nitride semiconductor to be grown 
according to the present invention and the dissimilar 
substrate decreases, thereby obtaining a nitride semi- 
conductor substrate having few aystal defects. 

( Selective Growth Mask) 

[0034] The sel^ive growth mask 13 does not sub- 
stantially grow any nitride on its surface. This selective 
growth mask 13 is made of a material having the prop- 
erty of not growing any nitride semiconductor on Its sur- 
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face or making the growth of any nitride semiconductor 
on its surface difficult. For example, such a material 
includes oxides and nitrides such as silicon oxide 
(SiOx), silicon nitride (SixNy), titanium oxide (TiOx), and 

5 zirconium oxide (ZrOx), and multilayer films containing 
these components. In addition, metals having melting 
points of 1,200**C or more (e.g., W, Ir, and Pt) can be 
used. These selective growth mask materials stand 
growth temperatures of about eoo^'C to 1 . 1 0O^'C that are 

10 set to grow nitride semiconductor portions according to 
the present invention, and has the property of inhibiting 
the growth of any nitride semiconductor on its surface or 
making the grow of any nitride semiconductor difficult. 
For example, a vapor-phase film forming technique 

IS such as vapor deposition, sputtering, or CVD can be 
used to form a selective growth mask on the upper sur- 
face of the support member 1 0. In addition, the selective 
growth mask 13 having the windows 14 can be formed 
by using these materials as follows. A photomask hav- 

20 ing a predetermined shape is manufacture by photoli- 
thography. A film made of the above material is formed 
by a vapor-phase technique through this photomask, 
thereby forming the selective growth mask 13 having a 
predetermined shape. The shape of the selective 

25 growth mask 1 3 is not specifically limited. For example, 
this mask can be formed to have a dot pattern, a stripe 
pattern, or a lattice pattern. As will be described later, 
however, the selective growth mask is preferably formed 
as a plurality of individual or discrete stripes each ori- 

30 anted in a specific plane azimuth. 

[0035] As described above, the selective growth mask 
13 is preferably made up of a plurality of individual 
stripes 13a to 13e), as shown in FIG. 1A. In this case, 
the width (Ws) of each stripe mask is preferably 0.5 to 

35 100 ^im, more preferably 1 to 50 ^m. still more prefera- 
bly 5 to 20 \xm, and especially preferably 5 to 15 [um. 
The ratio (Ws/Ww) of the width to the interval between 
the respective stripe masks (corresponding to the width 
of each window (Ww)) is preferably 1 to 20. and more 

40 preferably 1 to 10. It is esp^ially preferable that the 
width of each stripe mask be larger than the width of 
each window. In this case, the ratio Ws/Ww more pref- 
erably falls within the range of more than 1 and up to 20, 
and more preferably more than 1 and up to 10. When 

45 the interval (Ww) between the stripe masks is set to 8 
^m or less, preferably 5 fjim or less, and more preferably 
3 p.m or less, a nitride semiconductor crystal having a 
much smaller number of crystal defects can be grown. 
The interval (Ww) between the stripe masks is prefera- 

50 biy 0.1 ^m or more. The respective stripe masks prefer- 
ably have substantially the same width and thickness 
and are preferably formed at substantially the same 
intervals on the entire surface of the support member 10 
to be parallel to each other. 

55 [0036] The thickness of the selective growth mask 1 3 
is preferably 0.01 to 5 (im. more preferably 0.1 to 3 p.m. 
and especially preferably 0. 1 to 2 |im. 
[0037] The selective growth mask 13 inhibits any 
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nitride semiconductor from growing from the portions 
covered with the mask and allows nitride semiconductor 
portions to selectively grow from the portions exposed 
through the windows. Owing to this function, this mask 
is referred to as a "sel^ive growth" mask in the speci- 5 
f ication and the claims. 

< Preferable Relationship between Dissimilar Substrate 
and Selective Growth Mask) 

10 

[0038] FIG. 3 is a view of a unit cell showing the crys- 
tal structure of a nitride semiconductor. Strictly speak- 
ing, the nitride semiconductor has a rhombic structure, 
but can be approximate to a hexagonal system in this 
manner. According to the method of the present inven- is 
tion, a sapphire substrate having the C plane as a major 
surface is preferably us^ as the dissimilar substrate 1 1 , 
and the selective growth mask 13 is preferably made up 
of a plurality of individual stripes extending parallel in a 
direction perpendicular to the sapphire A plane (in other 20 
words, extending parallel in a direction (the (ITOO) 
direcfion of the nitride semiconductor) parallel to the M 
plane ((1 100) plane) of the nitride semiconductor). That 
is, in FIG. 4, which is a plane view of the sapphire sub- 
strate on the major surface side, the sapphire substrate 2S 
1 1 has the sapphire C plane as the major surface and 
an orientation flat (ORF) surface as the A plane. As 
shown in FIG. 4. the selective growth mask 13 is prefer- 
ably made up of a plurality of individual stripes extend- 
ing parallel in a direction perpendicular to the sapphire 3o 
A plane. It should be note that although FIG. 4 shows 
only five individual stripes for the sake of easy under- 
standing, more individual stripes are actually formed. 
[0039] When a nitride semiconductor is to be selec- 
tively grown on the sapphire C plane, the nitride semi- 35 
conductor tends to easily grow within the C plane in a 
direction parallel to the A plane, but does not easily 
grow in a direction perpendicular to the A plane. There- 
fore, the formation of stripe masks extending in a direc- 
tion perpendicular to the A plane makes it easy to 40 
combine and grow the nitride semiconductor portions 
between the adjacent stripe masks on the respective 
stripe masks, thereby facilitating the growth of the 
nitride semiconductor crystal 16 shown in FIG. 10. In 
this case, the leading surfaces, i.e., facets F (see FIG. 45 
1 B), of the nitride semiconductor crystals 15 grown lat- 
erally on the mask 1 3 become the A planes of the nitride 
semiconductor portions. 

[0040] Similarly, in the case wherein a sapphire sub- 
strate having an A plane as a major surface is used as so 
well, if, for example, the ORF surfeice forms the R plane, 
the formation of a plurality of individual strip masks 
extending parallel in a direction perpendicular to tiie R 
plane makes it easy to grow nitride semiconductor por- 
tions in tt^e direction of width of the stripe masks. This 55 
makes it possible to grow a nitride semiconductor crys- 
tal having few crystal defects. 
[0041] The growth of nitride semiconductor portions 



exhibit anisotropy also with respect to spinnel 
(MgAl204). If tiie (1 1 1) plane is used as a growth sur- 
face (the major surface of tiie spinnel) for a nitride sem- 
iconductor, and the ORF surface forms the (110) plane, 
the nitride semiconductor tends to easily grow in a 
direction parallel to the (1 10) plane. If. therefore, a plu- 
rality of parallel, discrete strip masks are formed to 
extend in a direction perpendicular to the (110) plane, 
tiie adjacent nitride semiconductor crystals combine 
with each oUier on the selective growth mask 13, 
thereby growing the nitride semiconductor crystal 16 
having few crystal defects. 

(Growth of Nitride Semiconductor Crystal) 

[0042] The nitride semiconductor crystal to be grown 
according to the present invention can be grown by any 
of known metiiods suitable for the growth of a nitride 
semiconductor such as MOVPE, MBE. and HVPE, 
using a gaseous Group 3 element source and a gase- 
ous nitrogen source. The niti^ide semiconductor crystal 
is preferably grown by MOVPE in the initial stage and 
grown by MOVPE or HVPE in tiie subsequent stage. As 
will be describe in detail later, it is especially preferable 
ttiat a nitride semiconductor crystal be grown by 
MOVPE in tiie initial stage and grown by HVPE in the 
subsequent stage. 

[0043] When a nitride semiconductor is to be grown by 
MOVPE, the molar ratio of a nitrogen source gas to a 
Group 3 source gas (nitrogen source/Group 3 source 
molar ratio; to be sometimes refenred to as a V/lll ratio 
hereinafter) is preferably adjusted to 2.000 or less. The 
nitrogen source/Group 3 source molar ratio is preferably 
1.800 or less; and more preferably 1,500 or less. The 
lower limit of the nitrogen source/Group 3 source molar 
ratio is not specifically limited as along as it is tiie stoi- 
chiometrical ratio or more. This lower limit nfK3lar ratio is 
preferably 10 or more, more preferably 30 or more, and 
most preferably 50 or more. If the molar ratio is higher 
than 2,000. ti'iangular nitride semiconductor portions 
grow from the windows 14. With this growth, crystal 
defects extend and scarcely stop halfway. As a result, 
the number of crystal defects increases. If the nitrogen 
source/Group 3 source molar ratio is adjusts to 2,000 
or less, the respective crystals 15 grow from the win- 
dows 14 first, and then grow laterally on tiie respective 
selective growth masks 13 while substantially maintain- 
ing their surbces perpendicular to the upper surfaces of 
the selective growth masks. As a result, tiie similar per- 
pendicular surfaces of the adjacent crystals ttiat grow in 
the same manner come into contact and combine with 
each other on ttie selective growth mask 13. For this 
reason, tiie crystal defects tend to stop halfway on tiie 
upper surface of the selective growtii mask. In addition, 
tiie crystal defects extending from the windows 14 tend 
to stop halfway Therefore, a nitride semiconductor crys- 
tal having a much smaller number of crystal defects can 
be grown. It is especially preferable that MOVPE be per- 
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formed under a reduced pressure of 50 to 400 Torr. 
[0044] In MOVPE. as a nitrogen source gas. for exam- 
ple, a hydride gas, such ammonia or hydrazine is used; 
as a Group 3 source gas, an organogallium gas, such 
as TMG (trimethylgallium) or TEG (triethylgallium), an 
organoaluminum gas, such as TMA (trimethylalumi- 
num). or an organoindium gas such as TMI (trimethylin- 
dium) can be us^. 

[00^] When a nitride semiconductor, e.g.. a gallium 
nitride crystal, is to be grown by HVPE, HCI gas is fed 
onto a molten gallium metal, and ammonia gas is fed 
from another gas feed pipe to combine these gases on 
the support member 10 to cause the following reaction: 

GaCI + NH3 ^ GaN + HCI + Hg 

In HVPE, since the growth rate of a nitride semiconduc- 
tor crystal is several times higher than in MOVPE, for 
exanpie, a 300-|im thick nitride semiconductor can be 
grown within several hours. 

[0046] In the present invention, a nitride semiconduc- 
tor crystal is preferably grown to a thickness of 1 )im or 
more, more preferably 5 ^m or more, and most prefera- 
bly 1 0 ^m or more, although it depends on the width of 
each selective growth mask. These values con-espond 
to the range of the lower limits of the thickness of a 
nitride semiconductor crystal, which is to be set to cover 
the upper portion of each selective growth mask. If this 
thickness is less than 1 ^m. a growing nitride semicon- 
ductor crystal tends to be difficult to grow laterally on 
each selective growth mask. This tends to relatively 
increase the number of crystal defects. It is difficult to 
decrease the number of crystal defects under the condi- 
tion in which nitride semiconductor portions are difficult 
to grow laterally. Although the upper limit of the thick- 
ness of the nitride semiconductor to be grown is not 
specifically limits, the thickness is preferably set to 70 
fim or less when crystal growth is to be performed by 
MOVPE. If a nitride semiconductor crystal is grown to a 
thickness exceeding 70 iim, the growth time is pro- 
longed, and the surface of the nitride semiconductor 
crystal becomes coarse. In addition, the selective 
growth masks tend to decompose. For these reasons, 
the above thickness is not preferable. 
[0047] In the present invention, it is e^ecially prefer- 
able that the nitride semiconductor crystal (e.g.. the 
crystal 16 or a crystal 17, 116, or 76 to be described 
below) grown to provide a substrate for supporting a 
nitride semiconductor device be made of undoped gal- 
lium nitride or n-type impurity-doped gallium nitride. 
[0048] To grow a thicker nitride semiconductor crystal 
with few defects, the nitride semiconductor crystal is 
preferably grown by MOVPE first, and then MOVPE is 
switched to HVPE to grow further nitride semiconductor 
crystal on the MOVPE crystal. 
[0049] FIGS. 5A and 5B are sectional views for 
explaining a method of growing such a thicker nitride 
semiconductor crystal. 
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[0050] On the nitride semiconductor crystal 1 6, which 
is grown by MOVPE according to the first or second 
aspect described with reference to FIGS. 1A to 1C, a 
nitride semiconductor 1 7 of the same type is grown to a 

5 thickness larger than that of the nitride semiconductor 
crystal 16. When the nitride semiconductor 17 is grown 
on the MOVPE crystal 16 by HVPE, almost no crystal 
defects extend vertically As a result, the crystal 17 hav- 
ing very few crystal defects can be grown as a whole. 

10 The crystal defects in the HVPE nitrkle semiconductor 
1 7 are fewer than those in the MOVPE nitride semicon- 
ductor crystal 16 formed thereunder. Finally, for exam- 
ple, the nitride semiconductor crystal substrate 17 
whose surface region has crystal defects of 1 x 10^/cm^ 

IS or less can be obtain^. The crystal defects in the sur- 
face region are preferably 5 x lO^/cm^ or less, more 
preferably 1 x lO'^/cm^ or less, and most preferably 1 x 
10^/cm^ or less. Note that the "surface region" means a 
region having a depth of up to 5 ^m from the upper sur- 

20 face (grown end face) of the nitride semiconductor crys- 
fal on the opposite side to the dissimilar substrate 11. 
The number of crystal defects within 5 iim can be meas- 
ured with a TEM (Transmission Electron Microscope). In 
the present invention, the ci^ystal defects in a grown 

25 nitride semiconductor crystal are visually checked with 
a TEM (i.e., visual check on a TEM photograph) by two- 
dimensional obsenation, and indicate an average 
defect density (the same applies to the fbllowing Exam- 
ples). 

30 [0051] The HVPE nitride semiconductor crystal 17 is 
thicker than the MOVPE nitride semiconductor crystal 
16. and preferably has a thickness of 10 iim or more, 
more preferably 50 \irx\ or more, and still more preferably 
100 \im or more, if the thickness is less than 10 (im. the 

35 number of aystal defects tends to be difficult to 
decrease. Although the upper limit of thickness is not 
^ecified, the thickness is preferably 1 mm or less. If this 
crystal is grown to a thickness larger than 1 mm. the 
overall wafer warps due to the thermal expansion coef- 

40 f icient difference between the nitride semiconductor and 
the dissimilar substrate 1 1 . This tends to make it difficult 
to grow an HVPE nitride semiconductor crystal with uni- 
form thickness. 

[0052] In the present invention, when the nitride sem- 
45 iconductor crystal 16 and/or 17 is to be grown, the 
nitride semiconductor is preferably doped with an n-type 
impurity, in addition, the crysfal 16 or 17 is preferably 
doped with this n-type impurity such that the n-type 
impurity concentration has a gradient in each crystal. 
50 The concentration gradient may be continuous or step- 
wise. It is especially preferable to set the concentration 
gradient of the n-type impurity in each of the crystals 16 
and 17 such that the n-type impurity concentration 
decreases with an increase in distance from the dissim- 
55 ilar substrate 1 1 . In other words, the crystal 1 6 is prefer- 
ably doped with the n-type impurity at higher 
concentrations with a decrease in distance from the dis- 
similar substrate 11. Similarly, the crystal 17 is prefera- 
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biy dop^ with the n-type impurity at higher 
concentrations with a deaease in distance from the dis- 
similar substrate 11. Assume that the n-type impurity 
concentration in each crystal decreases with a 
decrease in distance from the growth surface (major 
surface) in this manner. In this case, in forming an n- 
side electrode after a device structure is manufactured, 
when the nitride semiconductor substrate 16 is expose 
by removing the dissimilar substrate 11. the underlayer 
12, and the selective growth mask 13 or the nitride sem- 
iconductor substrate 17 is expose by further removing 
the nitride semiconductor crystal substrate 16, the sur- 
face region, of the nitride semiconductor crystal 16 or 
17, which is heavily dop^ with the n-type impurity can 
be exposed on the lower surface side. Therefore, by 
using this exposed surface as an n-side electrode for- 
mation surface, the output of the device can be 
increased by decreasing its Vf. In addition, even if etch- 
ing is performed from the device structure side grown on 
the nitride semiconductor crystal substrate, and an 
electrode is formed on the etched surface, the nitride 
semiconductor crystal 16 or 17 heavily doped with the 
n-type impurity can be used as an n-electrode formation 
layer. 

[0053] In the present invention, as the n-type impurity 
to be add^ to a nitride semiconductor crystal, a Group 
IV element, ag.. Si. Ge, Sn. or S. preferably Si and/or 
Sn. can be used. These n-type impurities can be added 
as hydrogenated substances or gaseous organic metal- 
lized substances during the growth of a nitride semicon- 
ductor. An n-type impurity is preferably added within the 
range of 5 x 10''^/cm^ to 5 x lO^Vcm^. If the impurity 
concentration is lower than 5 x 10^ ^/cm^, since the car- 
rier concentration of the nitride semiconductor crystal 
16 or 17 becomes insufficient, the resistivity tends to 
increase. If the n-type impurity concentration is higher 
than 5 x lO^Vcm^. the impurity concentration becomes 
excessively high. As a result, the crystallinity tends to 
deteriorate, and the number of crystal defects tends to 
increase. It is esp^ially preferable to add an n-type 
impurity within the range of 1 x 10^^/cm^ to 1 x 
lO^W. 

[0054] In the present invention. MOVPE can be 
switched to HVPE before the nitride semiconductor 
crystals 15 are combined into the integral crystal 16 by 
IVIOVPE (for example, in the state shown in FIG. IB). 
More specifically, although the nitride semiconductor 
crystals 15 have been grown laterally on the mask 13 by 
MOVPE. growth of the HVPE nitride semiconductor 
crystal 17 can be started before the adjacent nitride 
semiconductor crystals 15 combine with each other. 
[0055] As shown in FIG. 5A. after the nitride semicon- 
ductor crystals 16 and 17 are grown, the structure in 
FIG. 5A can be used as a device substrate, and a 
desired nitride semiconductor device structure can be 
formed on the substrate. Alternatively, a nitride semi- 
conductor substrate having a two-layer structure made 
up of the nitride semiconductor aystals 16 and 17 can 



be obtained by polishing/removing at least the dissimilar 
substrate 11, the underlayer 12, and the selective 
growth masks 13a to 13e of the structure shown in FIG. 
5A from the lower surface of the dissimilar substrate 1 1 

5 in a dir^ion perpendicular to the major surface of the 
dissimilar substrate 11. If the nitride semiconductor 
aystal 16 is further removed, a free nitride semiconduc- 
tor crystal substrate made of the HVPE nitride semicon- 
ductor crystal 1 7 can be obtained, as shown in FIG. 5B. 

10 As is also apparent from the above description, this 
HVPE nitride semiconductor substrate is characterized 
in that the crystal defects in the surface region are 1 x 
10^/cm^ or less. This substrate can have at least one of 
the following characteristics: that the substrate is doped 

15 with an n-type impurity; that this n-type impurity has a 
concentration gradient in the nitride semiconductor sub- 
strate; and that the n-type impurity concentration 
decreases with a d^rease in distance from the major 
surtece (grown end face) of the substrate (i.e.. with an 

20 increase in distance from the dissimilar substrate 1 1). 
From another viewpoint, the substrate obtained in this 
manner can be characterized in that it has first and sec- 
ond major surfaces, and is doped with an n-type impu- 
rity, and tiie n-type impurity has a concentration 

25 gradient in tiie substrate. 

[0056] In the present invention, a buffer layer made of 
a nitride semiconductor can be grown first before tiie 
substantial portion of a nitride semiconductor crystal 
(e.g., a crystal to be grown laterally on each mask, such 

30 as the nitride semiconductor crystal 16) is grown. This 
buffer layer can be made of a nitride semiconductor 
such as AIN, GaN. AIGaN, or InGaN. and can be grown 
to a thickness of several ten angstroms to several hun- 
dred angsbroms at a low temperature less than SOO^'C. 

35 The scope of the present invention incorporates the 
growtti of tills low-temperature buffer layer after the 
growtti of the substantial portion of the nitride semicon- 
ductor crystal. This buffer layer is fbrm^ to ease the lat- 
tice mismatch between the dissimilar substrate and the 

40 nitride semiconductor grown afterward, but can be omit- 
t^ depending on \he nitride semiconductor growtti 
mettiod, tiie type of substrate, and the like. 
[0057] The second metiiod of manufacturing a nitride 
semiconductor crystal having a smaller number of crys- 

45 tal defects will be described next with reference to FIGS. 
6A to 6C. First of all, as shown in FIG. 6A. after the sur- 
face of the nitride semiconductor crystal 16 grown 
according to the first or second aspect of tiie present 
invention, which has been described in detail above, is 

50 polished to provide a flat surface, a selective growtii 
mask 1 1 3 having a plurality of windows for partiy expos- 
ing the surface of the nitride semiconductor crystal 16 is 
formed on the surface of tiie nitride semiconductor crys- 
tal 16. The description about the first selective growth 

55 mask 13 (the material, the shape, the widtii. ttie thick- 
ness, the shape of each window, tiie relationship with 
tiie dissimilar substrate, and the like) equally applies to 
tiie selective growtti mask 1 13 unless othenfvise sped- 
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tied. 

[0058] The selective growth mask 113 is generally 
formed at a position shifted from the position where the 
first selective growth mask 13 is formed. That is. the 
selective growth mask 113 is formed to cover the sur- 
face of the portions, of the nitride semiconductor crystal 
1 6. on which the aystal defects produced from the inter- 
face between the support member 10 and the nitride 
semiconductor crystal 16 and extending from the win- 
dows 14a to 14f of the first selective growth mask 13. 
thereby selectively exposing the surface of the nitride 
semiconductor crystal 16. More specifically, in FIG. 6A. 
similar to the first selective growth mask 13. the selec- 
tive growth mask 113 is made up of individual stripes 
1 13a to 1 13f. and the respective stripes are positioned 
to cover the surface regions, of the nitride semiconduc- 
tor crystal 16, which correspond to the windows 14a to 
14f of the selective growth mask 13. The windows 1 14a 
to 114e are positioned in the regions corresponding to 
the substantially middle portions of the first strip masks 
13a to 13e. By forming the selective growth mask 1 13 at 
the position con'esponding to each window 14 of the 
first selective growth mask 13 in this manner, the sel^- 
tive growth mask 1 13 can prevent the crystal defects in 
the crystal 16 from penetrating. 
[0059] The total surface area of the selective growth 
mask 113 (the portions, of the nitride semiconductor 
crystal 16. which are covered with the masl^ is prefera- 
bly larger than the total surface area of the windows 1 4a 
to 1 4f of the selective growth mask 1 3 (the exposed por- 
tions, of the nitride semiconductor crystal 16. which are 
expose through the windows). iVIore specifically, if the 
selective growth mask 1 13 is formed to have a dot pat- 
tern, a stripe pattern, or the like, the area of the surface 
of a unit dot is set to be larger than that of a unit stripe 
window. With this setting, a nitride semiconductor hav- 
ing less crystal defects can be grown on the crystal 16. 
[OOSO] When a nitride semiconductor crystal of the 
same type as that of the nitride semiconductor crystal 
16 (preferably undoped or n-type impurity-dop^ GaN) 
is grown by the same method as that used to grow the 
nitride semiconductor crystal 16, nitride semiconductor 
crystals 1 1 5 grow in the same manner as that described 
about the crystal 15 with reference to FIG. IB. Finally, 
the adjacent nitride semiconductor crystals 115 com- 
bine into the integral nitride semiconductor crystal 116. 
In this case, the second nitride semiconductor crystals 
1 15 grown on the first nitride semiconductor crystal 16 
are the same type of nitride semiconductor portions as 
that of the nitride semiconductor crystal 16. In addition, 
these crystals 115 are grown on the first nitrkie semi- 
conductor crystal 16 having few crystal defects. For 
these reasons, crystal defects due to lattice mismatch 
do not easily occur, and fewer crystal defects are dislo- 
cated. Therefore, the second nitride semiconductor 
crystal 116 having excellent crystallinity can be 
obtained. By using this second nitride semiconductor 
crystal 1 16 as a growth substrate for a device structure. 



a nitride semiconductor device having excellent crystal- 
linity can be realized. Obviously, the nitride semiconduc- 
tor 1 16 can be doped with an n- type impurity as in the 
case of the nitride semiconductor 16 or 17 (see FIGS. 

5 1Cand5A). 

[0061] The growth of the second selective growth 
mask described with reference to FIGS. 6A to 6C and 
the subsequent growth of the nitride semiconductor 
crystal can be repeatedly perform^. That is, if some 

10 portion of a nitride semiconductor crystal has lattice 
defects, a new mask can be form^ on that portion, and 
a new nitride semiconductor can be grown on the mask. 
[0062] The principle of a nitride semiconductor growth 
method according to the third aspect of the present 

15 invention will be described next. The third aspect of the 
present invention is associated with a nitrkle semicon- 
ductor growth method characterize in that after a 
nitride semiconductor is grown on a support member 
according to the present invention, a new nitride semi- 

20 conductor is grown from this nitride semiconductor as a 
seed crystal in substantially only the lateral direction 
white the growth In the vertical direction is suppressed, 
and is grown in both the vertical and lateral directions 
aftenAard. In the present invention, to suppress the 

25 growth of the nitride semiconductor in the vertical direc- 
tion is to prevent at least the nitride semiconductor from 
growing in the vertical direction. The nitride semicon- 
ductor can be grown in the lateral direction by exposing 
the surface of the initially grown nitride semiconductor in 

30 the vertical direction, and growing the above new nitride 
semiconductor from only the exposed surface. The 
nitride semiconductor whose growth dir^ion is control- 
led in this manner starts to grow from the vertical direc- 
tion to the lateral direction. As the growth continues, the 

35 nitride semiconductor starts to grow in the vertical direc- 
tion again as well as in the lateral direction. In this man- 
ner, a nitride semiconductor crystal having a smaller 
number of crystal defects can be obtained. 
[0063] The especially prefaced embodiment of the 

40 nitride semiconductor growth method according to the 
third aspect of the present invention, in which the growth 
direction of a nitride semiconductor is controlled in this 
manner, will be described in detail below with reference 
totheFIGS. 7Ato7D. 

45 [0064] As shown in FIG. 7A, a nitride semiconductor 
layer 71 is preferably formed on almost the entire sur- 
face of a support member 10 made of a dissimilar sub- 
strate 11 on which an underlayer 12 is form^ or not 
formed. The support member 10, including the dissimi- 

50 lar substrate 1 1 and the underlayer 1 2, is identical to the 
one sufficiently described above. 
[0065] The nitride semiconductor layer 71 is prefera- 
bly made of gallium nitride (GaN) dop^ with no impurity 
(undoped) or GaN doped with an n-type impurity like the 

55 one described above. The nitride semiconductor layer 
71 can be grown on the support member 10 at a high 
temperature, specifically 900^*0 to I.IOO^'C, and more 
preferably 950<'C to 1 .050'*C. The thickness of each por- 
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tion. of the nitride semiconductor layer 71, wlilch is 
exposed from a side surface of a corresponding recess 
portion (to be described in detail later) after the forma- 
tion of a growth control mask (to be described In detail 
later) is not specifically limited. However, the nitride 5 
semiconductor layer 71 is preferably formed such that 
each portion exposed from a side surfeice of a corre- 
sponding recess portion has a thickness of 100 ang- 
stroms or more, preferably about 1 to 10 )im, and more 
preferably about 1 to 5 iim. 

[00S6] As shown in FIG. 7B. a plurality of recess por- 
tions (FIG. 7B shows six recess portions 72a to 72f; 
these recess portions will be sometimes generically 
refen'ed to as recess portions 72 hereinafter) are 
formed in the nitride semiconductor layer 71 formed on 
the support member 10. and the first nitrkJe semicon- 
ductor layer 71 is selectively exposed on the side sur- 
faces of the respective recess portions 72. Thereafter, 
first growth control masks 73a to 73g and second 
masks 74a to 74f are formed on the upper surface por- 
tions of the nitride semiconductor layer 71 and the bot- 
tom surfaces of the recess portions 72a to 72f. The first 
growth control masks 73a to 73g will be sometimes 
generically referr^ to as first growth control masks or 
masks 73 hereinafter. The second growth control masks 
74a to 74f will be sometimes generically referr^ to as 
second growth control masks or masks 74 hereinafter. 
The first and second growth control masks 73 and 74 
can be form^ by using the same material as that for the 
selective growth masks described above and the same 
method as used therefor. 

[0087] The plurality of recess portions 72a to 72f may 
have any shapes as long as they allow the nitride semi- 
conductor layer 71 to be selectively exposed on their 
side surfaces. For example, each recess portion can be 
formed into a cylindrical shape, a prismatic shape, or a 
groove-like shape. It is preferable that the bottom sur- 
face of each recess portion 72 be substantially parallel 
to the upper surface of the support member 10. 
[00S8] Each recess portion 72 form^ in the nitride 
semiconductor layer 71 reaches some midpoint in the 
nitride semiconductor layer 71. the surface of the sup- 
port member 10, or a portion in the support member 10. 
Although the d^th of each recess portion 72 is influ- 
enced by the thickness of the nitride semiconductor 
layer 71, the thickness of each s^x)nd growth control 
mask 74. and the like, it suffices to set the depth of each 
recess portion 72 such that the second growth control 
mask 74 formed on the bottom surface of the recess 
portion 72 prevents the dissimilar substrate 11 from 
being exposed, and the second growth control masks 
74 is form^ to have a sufficient thickness so as not to 
interfere with the growth of a new nitride semiconductor 
grown laterally from that surfoce, of the nitride semicon- 
ductor layer 71 , which is expose from a side surface of 
the recess portion 72. Each recess portion 72 is prefer- 
ably formed at a depth that does not expose the sub- 
strate 1 1 , and it is especially preferable that each recess 
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portion 72 be formed at a depth corresponding to some 
midpoint in the direction of thickness of the nitride sem- 
iconductor layer 71 . If the recess portion 72 is formed at 
a depth at which the dissimilar substrate 1 1 is exposed 
through the bottom surface of the recess portion 72. it is 
difficult to form the second growth control masks 74 
near the corners of the bottom surface of the recess 
portion 72. If the second growth control masks 74 do not 
sufficiently cover the surfoce portions of the dissimilar 
substrate 11. new nitride semiconductor portions may 
grow from the dissimilar substrate 1 1 . resulting in crys- 
tal defects. Although the depths of the recess portions 
72 may differ from each other, the recess portions 72 
are generally form^ to have the same depth. 
[0069] To form the recess portions 72. any method 
capable of partly removing the nitride semiconductor 
layer 71 can be us^. Such a method includes etching, 
dicing, and the like. According to dicing, recess portions 
72 made of parallel grooves each having a rectangular 
aoss-s^ion or r^ess portions 72 made of lattice 
grooves can be easily formed. 
[0070] When the recess portions 72 are selectively 
formed in the nitride semiconductor layer 71 by etching, 
a strips photomask, a lattice photomask, and the like 
are manufactured by using mask patterns in various 
forms in photolithography, and a resist pattern is formed 
on the nitride semiconductor layer 71, thereby etching 
the nitride semiconductor layer 71. Methods of etching 
the nitride semiconductor layer 71 include wet etching, 
dry etching, and the like. To form smooth surfaces, dry 
etohing is preferably used. Dry etching includes reactive 
ion etching (RIE), reactive ion beam etching (RIBE), 
electron cyclotron etching (ECR), ion beam etching 
(IBE). and the like. In any of these methods, the desired 
recess portions 72 can be formed by etching the nitride 
semiconductor by appropriately selecting an etching 
gas. For example, the etching means for a nitride semi- 
conductor disclosed in Jpn. Pat. Appln. KOKAI Publica- 
tion No. 8-17803 previously fil^ by the present 
applicant can be used. 

[0071 ] When the recess portions 72 are to be form^ 
by etching, each side surface of each recess portion 72 
may be almost vertical to the dissimilar substrate 1 1 as 
shown in FIG. 7B, or may have a mesa shape or 
inverts mesa shape. 

[0072] The first and second masks 73 and 74 can be 
formed in slightly different manners depending on 
whether the recess portions 72 are formed by etching or 
dicing. 

[0073] When the recess portions 72 are to be formed 
by etching, a layer made of a mask material is formed 
first on the first nitride semiconductor layer 71 , and then 
a resist film is formed on the layer. After a predeter- 
mined pattern is transferred, exposed, and developed to 
form the first mask 73, the nitride semiconductor layer 
71 is etched to form the recess portions 72. Subse- 
quently, a growth control mask material layer is formed 
on the nitride semiconductor layer 71 in which the 
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recess portions 72 are formed, i.e.. the masks 73. the 
bottom and side surfaces of the recess portions 72, and 
the like, and the mask material layer on the side sur- 
faces of the recess portions 72 is selectively etched to 
form the second masks 74 by dry etching using, for 5 
example. CF4 gas and O2 gas. With this formation, 
although FIG. 7B shows the first mask 73 as a single 
layer, the first mask 73 has two-layer structure in which 
the mask material layer is further form^ on the first 
mask 73. Obviously, the first and second masks 73 and 
74 may be form^ on the portions where the first masks 
73 are formed and the bottom surfaces of the recess 
portions 72 by the same method as described above 
after the first masks 73 are removed before the second 
masks 74 are formed. 

[0074] When the recess portions 72 are to be formed 

by dicing, the recess portions 72 are formed by remov- 
ing the nitride semiconductor layer 71 from the upper 
surface with a dicing saw. and a growth control mask 
material layer Is formed on the entire surface of the 
nitride semiconductor layer 71 , including the recess por- 
tions 72. as described above. Thereafter, only the 
growth control mask material layer on the side surface 
portions of the r^ess portions 72 is etched by dry etch- 
ing using CF4 gas and O2 gas, thereby simultaneously 
forming the first and second growth control masks 73 
and 74. 

[0075] The first and second growth control masks 73 
and 74 may be formal to have the same thickness as 
long as they have thicknesses that do not interfere with 
the growth of a nitride semiconductor crystal to be 
described in detail later. For example, when the under- 
layer 12 is not formed on the dissimilar substrate 1 1 . the 
second growth control masks 74 are preferably formed 
to have a sufficient thickness so as not to expose the 
dissimilar substrate 11 to the bottom surfaces of the 
recess portions 72, and preferably a sufficient thickness 
that inhibits formation of pinholes in the dissimilar sub- 
strate 1 1 due to the influence of heat. Ot>viously. how- 
ever, the masks 74 must not be thicken^ to such an 
extent as to interfere with the growth of nitride semicon- 
ductor aystals from the portions, of the nitride semicon- 
ductor layer 71 , which are expose to the side surfaces 
of the recess portions. If pinholes are formed in the sec- 
ond masks 74. nitride semiconductor portions may grow 
through the pinholes. This is consider^ as a cause for 
crystal defects. If. for example, the first growth control 
mask 73 is formed to be relatively thin, the ban^ier height 
that a nitride semiconductor crosses (the thickness of 
the first growth control mask 73) decreases. Therefore, 
a nitride semiconductor easily grows laterally on the 
masks 73. The formation of such growth control masks 
is obvious to a person skilled in the art. For example, 
these growth control masks can be formed in two sepa- 
rate processes. 

[0076] The relationship between the first growth con- 
trol mask 73 and the dissimilar substrate 1 1 is prefera- 
bly equivalent to the previously described relationship 



between the selective growth mask and the dissimilar 
substrate 11. Therefore, the items described under the 
title (Preferable Relationship between Dissimilar Sub- 
strate and Selective Growth Mask) dually apply to the 
first growth control mask 73. More specifically, the first 
growth control mask 73 is preferably made up of a plu- 
rality of individual stripes each having a substantially 
rectangular cross-section. In this case, the respective 
individual stripes are preferably form^ on the sapphire 
C plane to extend parallel in a direction perpendicular to 
the sapphire C plane, or on the sapphire A plane to 
extend parallel in a direction perpendicular to the sap- 
phire R plane. Alternatively, the respective indivklual 
stripes are preferably form^ on the splnnel (111) plane 
to extend parallel In a direction perpendicular to the 
spinnel (110) plane. Therefore, the re^ective recess 
portions 72 are preferably formed by a plurality of indi- 
vidual grooves extending In the same direction as that of 
the striped growth control mask 73. The top surface of 
each wall defined between adjacent grooves preferably 
has the same plane shape as that of each striped 
growth control mask 73. 

[0077] Each of the plurality of striped growth control 
n^sks 73 preferably has a width (corresponding to the 
width Ws of the first selective growth mask) of 1 to 20 
Jim. and more preferably 10 to 20 ^im. The Interval 
between the masks 73 Is preferably 1 to 20 \im, and 
more preferably 2 to 5 (tm. 

[0078] After the recess portions 72 and the first and 
second growth control masks 73 and 74 are form^ in 
this manner, nitride semiconductor portions 75 are 
grown from the exposed side surfaces of the nitride 
semiconductor layer 71 by the vapor-phase growth 
method described in association with the first and sec- 
ond aspects, as shown in FIG. 7C. 
[0079] As described with reference to FIG. 7B, the 
upper surface portions (i e., the top surfaces of the walls 
between the recess portions) of the nitride semiconduc- 
tor layer 71. except for the side surfaces of the recess 
portions 72 formed therein, and the bottom surfaces of 
the recess portions 72 are covered with the growth con- 
trol masks 73 and 74, and the nitride semiconductor 
layer 71 Is expose on only the side surfaces of the 
recess portions 72. For this reason, nitride semiconduc- 
tor portions are grown from only these selective 
exposed surfaces of the nitride semiconductor layer 71 
by the vapor-phase growth method. That is. the nitride 
semiconductor portions 75 start to grow laterally from 
the exposed side surfaces of the nitride semiconductor 
layer 71 . As the nitride semiconductor portions 75 keep 
growing, they start to grow vertically as well as laterally 
When the nitride semiconductor portions 75 reach the 
upper surfaces of the recess portions 72. each nitride 
semiconductor portion grows laterally from the two 
sides of each recess portion on the first growth control 
mask 73. As describe in association with the first and 
second aspects, the adjacent nitrkie semiconductor 
portions 75 combine into an integral nitride semicon- 
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ductor crystal 76, as shown in FIG. 7D. The nitride sem- 
iconductor crystal 73 whose growth direction is 
controlled in the Initial growth period has good crystal- 
linity with very few crystal defects even if the crystal is 
grown thick. 5 
lOOBO] The nitride semiconductor crystal 75 to be 
grown is preferably a nitride semiconductor of the same 
type as that of the nitride semiconductor layer 71, and 
especially preferably undoped or n-type impurity-doped 
GaN. When the nitride semiconductor crystal 76 is to be 
dop^ with an n-type impurity during growth, the impu- 
rity can have a concentration gradient, as described 
previously 

[QQB1] In the third aspect, the second growth control 
mask 74 is preferably form^. Even if this mask is not 
formed, a nitride semiconductor crystal having eM:ellent 
crystallinity can be grown. In this case, the description 
about the first selective growth masks 13 and the first 
windows 14 in association with the first and second 
aspects can be equally applied to the first growth control 
masks 73 and the recess portions 72 by regarding the 
first selective growth masks 13 and the first windows 14 
described in association with the first and second 
aspects as the first growth control masks 73 and the 
recess portions 72. In this case, each recess portion 72 
should have a depth that does not expose the surlace of 
the support member 10. In this case, it is especially 
preferable that each recess portion have a depth of 500 
angstroms to 5 \im. 

[00S2] As is obvious from the above description, each 
of the nitride semiconductor crystals 1 6. 1 7. 1 16. and 76 
(to be sometimes generically refen-ed to as a substrate 
1000 hereinafter) grown by the method of the present 
invention has very few def^s. and can be effectively 
used as a substrates for supporting a predetermined 
nitride semiconductor device thereon. 
10QS3] It can be described that a nitride semiconduc- 
tor substrate of the present invention, especially the 
nitride semiconductor substrate grown by the method 
according to the first to third aspects, has first and sec- 
ond major surfaces, tiie crystal defects in a region near 
the first major surface (i.e.. the surface on which a 
device structure is supported or the grown end face) are 
relatively few. and the crystal defects in a region near 
the second major surfece are relatively many The sec- 
ond major surface is a major surface closer to the dis- 
similar substrate 1 1 than the first major surface. If this 
nitride semiconductor substrate is doped with an n-type 
impurity, since the n-type impurity tends to concentrate 
in a region having many crystal defects, a surface 
region near the second major surface can form an n***- 
type region. If, therefore, an n-side electrode of a nitride 
semiconductor device is formed in this region, the 
threshold or fbnward voltage of the device can be 
decreased. 

[OQB^] It can also be described that regions (first 
regions) each having a relatively small number of crys- 
tal defects and regions (second regions) each having a 



relatively large number of aystal defects are unevenly 
distributed when viewed from the first major surface of 
the nitride semiconductor subsfrate of the present 
invention. The first regions corre^nd to the masks 1 3 
and 73. The second regions correspond to the windows 
14 and tiie recess portions 72. 
[0085] The device staructure of the n'rtride semiconduc- 
tor device of the present invention is supports on tiie 
nitride semiconductor substrate of the present inven- 
tion. In this case, the nitride semiconductor substrate of 
the present invention may support the device structure 
in a free state wherein the support member 10 and the 
masks (13, 1 13, 73. 74, or tiie like) are removed, or may 
support the device structure in a state wherein the sup- 
port member 10 and tiie masks are formed. In addition, 
tiie device structure can be formed on the nitride semi- 
conductor of the present invention in the free state set in 
advance, or tiie nitride semiconductor can be set in tiie 
free state by removing the support member 10 and the 
masks after the device structure is form^ on the nitride 
semiconductor with the support member 10 and tiie 
nnasks being formed. 

[0086] The nitride semiconductor substrate in tiie free 
state according to tiie present invention preferably has a 
tiiickness of 70 ^m or more, more preferably 100 \im or 
more, and still more preferably 300 ^im or more. With a 
thickness of 70 ftm or more, tiie nitride semiconductor 
substrate becomes resistant to cracking and allows 
easy handling. Alttiough the upper limit of the tiiickness 
is not specified, the substrate preferably has a thickness 
of 1 mm or less. 

[0087] The nitride semiconductor substrate having the 
dissimilar substrate according to tiie present invention 
preferably has a tiiickness of 1 to 50 |im. If the thickness 
falls within this range, tiie frequency of warpage of the 
overall wafer due to the ttiermal coefficient difference 
between the nitride semiconductor substrate and tiie 
dissimilar substrate 1 1 decreases. 
[0088] The device structure to be supported on tiie 
nitride semiconductor substrate of the present invention 
is not specifically limited as long as it has a predeter- 
mined device function, and includes an LED device 
structure, an LD device structure, and the like. However, 
the device structure is not limited to these. The device 
structure of the present invention can include at least an 
n- or p-type nitride semiconductor For example, a 
device structure can be presents, which has an n-type 
nitride semiconductor layer having a superlattice struc- 
ture as an n-type nitride semiconductor layer, and in 
which an n-type niti'ide semiconductor tiiat allows an n- 
side electrode to be formed on the n-type layer of tiiis 
superlattice structure is formed. For example, each of 
the LED device and LD device of the present invention 
basically has an active layer and two cladding layers 
formed on tiie two sides of the active layer. 
[0089] In addition, as ottier arrangements of the niti'ide 
semiconductor device, e.g.. electrode and device 
shapes, any suitable electrode and shape can be used. 
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[0090] In the present invention, the g and q sides 

mean opposite sides with respect to, for example, an 
active layer; the q side is a side including a nitride sem- 
iconductor layer that can be doped with a p-type impu- 
rity, and the n side is a side including a nitride 
semiconductor layer that can be dop^ with an n-type 
impurity. 

[0091] FIG. 8A is a schematic sectional view showing 
the LED device structure formed on the nitride semicon- 
ductor substrate 1000. FIG. 8B is a plan view of the 
structure. As is apparent from FIG. 8B, this LED device 
has an almost r^angular parallelepiped shape as a 
whole. 

[0092] As shown in FIG. 8A. an n-side buffer layer 81 
made of a nitride semiconductor doped with an n-type 
impurity such as Si, e.g., n-type GaN. is formed on the 
nitride semiconductor substrate 1000. In general, this 
buffer layer 81 is a nitride semiconductor crystal grown 
at a high temperature of 900*^0 or more. This high-tem- 
perature buffer layer 81 is discriminate from a low-tem- 
perature buffer layer (e.g., the buffer layer 12 in FIGS. 
1 A to 1 C) to be grown at a low temperature to ease the 
lattice mismatch between the substrate and the nitride 
semiconductor grown thereon, and serves as an n-type 
cladding layer. In manufcicturing an LED device, the 
buffer layer 81 is preferably formed to have a thickness 
of 20 angstroms or more. The buffer layer 81 preferably 
has a distorted superlatb'ce structure formed by alter- 
nately stacking first and s^nd nitride semiconductor 
layers having different compositions. The buffer layer 
having the superlattice structure can provide an n-side 
cladding layer having excellent crystallinity as a carrier 
confining layer. For example, a buffer layer having such 
a superlattice structure can be formed by alternately 
stacking an aluminum-containing nitride semiconductor 
doped with an n-type impurity, especially thin AIGaN 
layers, and undoped GaN layers. Note that the buffer 
layer having the superlattice structure preferably has a 
thickness of 50 angstroms or more. 
[0093] An active layer 82 is formed on the buffer layer 
81. It is especially preferable that the active layer 82 
have a quantum well structure including a well layer 
made of InGaN. The quantum well structure includes 
both a single quantum well (SOW) structure and a multi 
quantum well (MQW) structure. The multi quantum well 
structure is preferable. An active layer having a multi 
quantum well structure can be formed by. for example, 
alternately stacking first and second thin InGaN layers 
having different compositions or alternately stacking 
thin InGaN layers and GaN layers. When the active 
layer 82 has a quantum well structure, one or both of the 
well layer and the barrier layer can be dop^ with an n- 
or p-type impurity or no impurity. If the active layer 82 
has not a quantum well structure, tiie active layer is 
doped with an n-type inpurity and/or a p-type impurity. 
[0094] A p-side cladding layer 83 made of a p-type 
nitride semiconductor doped with a p-type impurity, e.g., 
Mg, is formed on the active layer 82. The p-side clad- 



ding layer 83 is preferably made of an aluminum-con- 
taining nitride semiconductor, especially AIGaN. 
[0095] A p-side contact layer 84 made of a p-type 
nitride semiconductor doped with a p-type impurity, e.g., 
5 Mg, is forme on tiie p-side cladding layer 83. It is espe- 
cially preferable that tiiis p-side contact layer 84 be 
made of p-type GaN. 

[0096] A light-transmitting p-electrode 85 is forme on 
almost the entire surface of the p-side contact layer, and 

10 a disk-like bonding pad 86 is forme on substantially the 
central portion of the p-el^ree 85. 
[0097] As shown in FIG. 8A, the p-side contact layer 
84, the p-side cladding layer 83, the active layer 82, and 
the buffer layer 81 are etche to expose tiieir side sur- 

15 faces. This etching procees until it reaches a portion in 
the surface of the substrate 1 000 to form a "cutting mar- 
gin". The formation of the cutting margin upon etching in 
this manner reuces tiie impact applie to the p-n junc- 
tion when each chip is cut later. As a result, LED 

20 devices each having higher reliability can be obtaine. 
ae the yield improves. In addition, tiiis "cutting margin" 
is preferably forme on a portion con^e^eing to each 
window portion 14 of the first selective growth mask 13. 
Furthermore, witii tiie formation of tiie "cutting margin", 

25 when tiie sapphire substrate, the first selective mask, 
and the like are remove, a chip cutting position that 
indicates a region having many crystal defects and a 
region having few crystal defects can be accurately dis- 
criminate. 

30 [0098] As describe above, by doping tiie nitride sem- 
icoeuctor substrate 1000 with an n-type impurity, an n- 
side electree 87 can be forme on tiie entire lower sur- 
face of the substrate 1000. 

[0099] FIG. 9 schematically shows a cross-section of 

35 an LED device having a structure similar to that of tiie 
LED device in FIGS. 8A and 8B except that the nif ide 
semiconductor sut>strate of the present invention is kept 
supporte on tiie support member 10. In the LED 
device shown in FIG. 9. a p-side contact layer 84, a p- 

40 side cladding layer 83, and an active layer 85 are etche 
to expose their side surfaces. This etching reaches the 
n-skle buffer layer 81 as well to partiy leave tiie n-side 
buffer layer 81. An n-side e\&:Xrode 87 is forme on the 
surface of tiie left n-side buffer layer 81 . 

45 [01 00] FIG. 1 0 is a schematic sectional view showing 
the laser diee (LD) structure forme on tiie substrate 
1000 of the present invention. 
[01 01 ] A buffer layer 1 1 1 made of a nitride semicon- 
ductor is forme on tiie nitride semicoeuctor substrate 

50 1000. This buffer layer 211 is a niti'ide semiconductor 
single-crystal layer grown at a high temperature of 
900*C or more. This layer is discriminate from a low- 
temperature buffer layer (e.g.. the buffer layer 12 in 
FIGS. 1A to 1C) to be grown at a low temperature to 

55 ease the lattice mismatch between the substrate and 
tiie nitride semicoeuctor grown thereon. When an LD 
device is to be manufacture, tiiis buffer layer 21 1 pref- 
erably has a ttiickness of 100 angstroms or less, more 
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preferably 70 angstroms or less, and most preferably 50 
angstroms or less, and is preferably formed Into a dis- 
torted superlattice structure obtained by alternately 
stacking first and second thin nitride semiconductor lay- 
ers having different compositions. With the distorted 
superlattice structure, the crystallinity improves, and 
hence a high-output LD device can be realized. Note 
that this buffer layer 21 1 can be omitted. 
[0102] A crack prevention layer 212 made of a nitride 
semiconductor is formed on the buffer layer 211 . If this 
crack prevention layer 212 is made of an indium-con- 
taining n-type nitride semiconductor, preferably InGaN, 
the occurrence of cracks in the aluminum-containing 
nitride semiconductor layer that can be fbrm^ layer can 
be effectively prevented. The crack prevention layer 212 
Is nriost preferably made of InxGa^xN (0 < x < 0.5). The 
crack prevention layer 212 is preferably form^ to have 
a thickness from 100 angstroms to 0.5 \itr\. If this layer 
is thinner than 100 angstroms, the layer is difficult to 
serve as a crack prevention layer. If the layer is thicker 
than 0.5 ^m, the crystal itself tends to become black. 
Note that the crack prevention layer 21 2 can be omitted. 
[01 03] An n-side cladding layer 21 3 made of an n-type 
nitride semiconductor is formed on the crack prevention 
layer 212. This n-skJe cladding layer 213 serves as both 
a carrier confining layer and a light confining layer. The 
n-side cladding layer 213 preferably has a superlattice 
structure obtained by alternately stacking first and sec- 
ond nitride semiconductor portions having different 
band gap energies. Such a superlattice structure prefer- 
ably includes an aluminum-containing nitride semicon- 
ductor, and more preferably AIGaN. In this case, the 
threshold of the LD device can be decreased by per- 
forming so-called modulated doping, i.e.. doping either 
the first layer or the second layer with an impurity at a 
higher concentration. For example, the n-side cladding 
layer 213 having such a superlattice structure can be 
formed by alternately stacking thin AIGaN layers doped 
with an n-type impurity. e.g.. Si. and undop^ thin GaN 
layers. The superlattice structure can provide a carrier 
confining layer having good crystallinity without any 
crack. The n-side cladding layer 213 preferably has a 
thickness from 100 angstroms to 2 ^im, and more pref- 
erably from 500 angstroms to 1 [xm. 
[0104] An n-side light guide layer 214 made of a 
nitride semiconductor is formed on the n-side cladding 
layer 213. This n-side light guide layer 214 senses as a 
guide layer for light from an active layer 215 (to be 
described later), and is preferably made of GaN or 
InGaN. The n-side light guide layer 214 is preferably 
formed to have a thickness of 100 angstroms to 5 fim. 
and more preferably 200 angstroms to 1 jim. In general, 
the n-side light guide layer 214 is doped with an n-type 
impurity, e.g.. Si or Ge, to have an n-type conductivity, 
but not be doped with such an impurity. The n-side light 
guide layer 214 can be a layer having a superlattice 
structure. The n-side light guide layer 214 having such a 
superlattice structure can be formed by alternately 



stacking, for example, first layers made of a first nitride 
semiconductor. e.g., GaN. and second layers made of a 
second nitride semiconductor different from the first 
nitride semiconductor, e.g., InGaN. In this case, at least 

5 one of the first and second layers may be doped with an 
n- type impurity or may not be doped. 
[01 05] In the present invention, the magnitude of band 
gap energy is determine with reference to tiie band 
gap energy of a layer having a higher band gap energy 

10 in a superlattice structure, whereas the magnitude of 
band gap energy of an active layer having a quantum 
well structure is determined witii reference to the band 
gap energy of a well layer. 

[01 06] The active layer 215 made of a nitride semicon- 

15 ductor is fbrm^ on tiie n-side light guide layer 21 4. It is 
e^ecially preferable fliat this active layer 215 have a 
quantum well structure having a well layer made of an 
indium-containing nitride semiconductor (preferably 
InGaN or InAIN). Such a quantum well structure may be 

20 a single quantum well (SQW) structure or a multi quan- 
tum well (MQW) structure including a well layer and a 
barrier layer. The multi quantum well structure is prefer- 
able. For example, a multi quantum well structure can 
be formed by alternately stacking InGaN nitride semi- 

25 conductors having different compositions, or may be 
formed by alternately stacking GaN and InGaN layers. 
An active layer having a quantum well structure allows a 
well layer and/or a bamer layer to be doped with an 
impurity or no impurity. An active layer having an 

30 undoped quantum well structure is preferable. In ttiis 
case, as a well layer, an InAIN layer can be used in 
place of an InGaN layer. 

[0107] A p-side cap layer 216 having a band gap 
energy higher than that of a p-side light guide layer 21 7 

35 (to be described later) and that of an active layer 21 5 (a 
well layer in a quantum well structure) is formed on the 
active layer 215. The p-side cap layer 216 is preferably 
formed to have a thickness of 0.1 |tm or less, more pref- 
erably 500 angstroms or less, and most preferably 300 

40 angsti-oms or less. If the thickness of the p-side cap 
layer 216 is larger tiian 0. 1 ^m, the p-side cap layer 21 6 
tends to crack. The p-side cap layer 216 therefore tends 
to be difficult to grow as a nitride semiconductor with 
good crystallinity. The p-side cap layer 216 is made of 

45 an aluminum-containing nitride semiconductor, espe- 
cially preferably AIGaN. In this case, as the composition 
ratio of Al of AIGaN increases, tiie laser oscillation of tiie 
LD device is facilitated with a decrease in tiie thickness 
of the p-side cap layer 216. If, for example, the p-side 

50 cap layer 21 6 is to be made of AlyGa^yN wherein the y 
value is 0.2 or more, it is especially preferable to adjust 
tiie tiiickness of tiie p-side cap layer 216 to 500 ang- 
stroms or less. Although the lower limit of the ttiickness 
of the p-side cap layer 216 is not specified, the p-side 

55 cap layer 21 6 is preferably formed to have a thickness of 
1 0 angstroms or more. The p-side cap layer 2 1 6 may be 
doped witti a p-type impurity to become a p-type layer. 
However, this layer may be doped with an n-type impu- 
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rity to become a carrier-compensated i-type layer or 
may be urrdop^ because it is thin. Most preferably, the 
p-side cap layer 216 is doped with a p-type impurity. 
[0108] TTie p-side light guide layer 217 made of a 
nitride semiconductor having a band gap energy lower 
than that of the p-side cap layer 216 is formed on the p- 
side cap layer 216. This p-side light guide layer 217 
serves as a guide layer for light from the active layer 
215. and is preferably made of GaN or InGaN. similar to 
the n-side light guide layer 214. In addition, the p-side 
light guide layer 217 can serve as a barrier layer during 
the growth of a p-side cladding layer 218 (to be 
described later). The p-side light guide layer 21 7 is pref- 
erably form^ to have a thickness of 1 GO angstroms to 5 
^m, and more preferably 200 angstroms to 1 M.m so as 
to serve as a desirable light guide layer. In general, the 
p-side light guide layer 21 7 is dop^ with a p-type impu- 
rity. e.g.. Mg, to have a p-type conductivity, but may not 
be doped. Note that the p-slde light guide layer 21 7 may 
have a superlattice structure. Such a superlattice struc- 
ture can be formed by s^uentially stacking first and 
second nitride semiconductor layers having different 
band gap energies. The p-side light guide layer 217 
having this superlattice structure can be formed by 
alternately stacking, for example, first layers made of 
GaN and second layers made of InGaN. in this case, at 
least one of the first and s&:ond layers may be doped 
with a p-type impurity or may not be doped. 
[0109] The P'Side cladding layer 218 made of a nitride 
semiconductor is formed on the p-side light guide layer 
217. Similar to the n-side cladding layer 213, this layer 
218 serves as a carrier confining layer and a light con- 
fining layer. The p-side cladding layer 218 preferably 
contains an aluminum-containing nitride semiconductor, 
and more preferably AlGaN. When this layer is formed 
as a superlattice structure, it serves to decrease the 
resistivity of the p-side layer. Such a superlattice struc- 
ture can be formed by sequentially stacking first and 
second nitride semiconductor layers having different 
band gap energies. In this case, the threshold of the LD 
device can be deaeased by performing so-called mod- 
ulate doping, i.e.. doping either the first layer or the 
second layer with an impurity at a higher concentration. 
For example, this p-side cladding layer 218 can be 
formed by alternately stacking first thin layers made of 
AlGaN doped with a p-type impurity, e.g., Mg, and sec- 
ond thin layers made of undoped GaN. The p-side clad- 
ding layer 218 is preferably formed to have a thickness 
from 100 angstroms to 2 |im, and more preferably from 
500 angstroms to 1 fim. 

[0110] To decrease the fonvard voltage Vf of the LD 
device, making the p-side cladding layer 218 have a 
superlattice structure is preferable to make the n-side 
cladding layer 213 have a superlattice structure 
because the resistance of each p-side layer tends to 
decrease. 

[01 1 1 ] In a nitride semiconductor device having a dou- 
ble-hetero structure including the active layer 215 hav- 



ing a quantum structure, especially an LD device, it is 
very preferable that the cap layer 216 having a band gap 
energy higher than that of the active layer 215 and a 
thickness of 0.1 |im or less and containing an alumi- 

5 num-containing nitride semiconductor be formed in con- 
tact with the active layer 21 5. the p-side light guide layer 
217 having a band gap energy lower than that of the cap 
layer 216 and containing a nitride semiconductor be 
forme at a greater distance from the active layer 85 

10 than the cap layer 86, and the p-skJe cladding l^er 218 
having a band gap energy higher than that of the p-side 
light guide layer 217. containing an aluminum-contain- 
ing nitride semiconductor, and having a superlattice 
structure be formed at a greater distance from the active 

15 layer 215 than tiie p-side light guide layer 217. In this 
case, since the p-side cap layer 216 has a larger band 
gap energy, the electrons injects from the n-side layer 
are btocke by the cap layer 216. As a result, the elec- 
trons do not overflow the active layer 215, and hence 

20 the leakage cun^ent of the LD device is reduce. 

[01 1 2] The LD device structure is basically made up 
of the n-skie cladding layer 213. the n-sMe light guide 
layer 214, tiie active layer 215, the p-side light guide 
layer 217. and the p-side cladding layer 218. 

25 [01 1 3] In addition, a p-sMe contact layer 219 made of 
a p-type nitride semiconductor is forme on tiie p-side 
daeing layer 218 to mount a p-electree. This p-side 
contact layer 219 is preferably mee of lnaAlbGai.a.bN 
(0 ^ X, 0 ^ y, X + y s 1) dope witii a p-type impurity, 

30 eqDecially GaN dope with a p-type impurity, especially 
Mg. TTie p-side contact layer 219 is preferably forme to 
have a thickness of 500 angstroms or less, more prefer- 
ably from 20 angstroms and 400 angstroms. 
[0114] As shown in FIG. 10, the p-side contact layer 

35 21 9 as the uppermost layer and part of tiie p-side clad- 
ding layer 2 1 8 are etche in tiie form of stripes to form a 
ridge. A p-slde electree 220 is forme on tiie entire 
surface of the top surface of tiiis ridge. The p-side elec- 
tree 220 is preferably mee of Ni, Pt. Pd, Co, Ni/Au 

40 (multilayer or alloy). Pt/Au (multilayer or alloy), or Pd/Au 
(multilayer or alloy) to achieve more desirable ohmic 
contact with the p-side contact layer 219. 
[01 15] An insulating film 221 preferably made of Si02 
or Zr02 is forme on ttie expose surfaces of the p-skJe 

45 daeing layer 218 ae tiie p-side contact layer 219 
except for tiie fop sur^ce of the p-side electree 220. A 
p-skJe pad 222 electrically connecte to the p-side elec- 
tree 220 through this insulating film 221 is forme. 
[0116] Furthermore, as describe above, the niti^ide 

50 semiconductor substi-ate 1000 has been dope witti an 
n-type impurity to form an n-side electree 223 on 
almost the entire lower surface of tiie substrate. If the n- 
side electree 223 is made of a metal such as Al. Ti. W. 
Cu, Zn. Sn. or In. a multilayer made of these metals, or 

55 an alloy of the metals, more desirable ohmic contact 
witii an n-type layer (the lower surface of the substrate 
1000 in tills case) can be achieve. As a metellization 
for mounting a heat sink (not shown) on the n-side elec- 
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trode 223, a thin metal film (not shown) having a two- 
layer structure preferably made of Au/Sn is formed. 
[01 1 7] FIG. 1 1 is a schematic perspective view show- 
ing an LD device having a structure similar to that 
shown in FIG. 10 except that a nitride semiconductor 
substrate 1 000 supported on a support member 1 0 sup- 
ports the LD device. In the LD device shown in FIG. 1 1 . 
except for a ridge, a p-side cladding layer 218, a p-side 
light guide layer 217. a cap layer 216, an active layer 
215, an n-side light guide layer 214, an n-side cladding 
layer 213, and a crack prevention layer 212 are etched 
to expose their side surfaces, thereby providing a rec- 
tangular parallelepiped structure. This etching reaches 
a portion in the surface of a buffer layer 21 1 to expose 
the surface portions of the buffer layer 211 on the two 
sides of the rectangular parallelepiped structure. N-side 
electrodes 223a and 223b are form^ on the two 
exposed surface portions of the buffer layer 21 1 (in this 
case, the buffer layer 21 1 also serves as an n-side con- 
tact layer). Obviously, an insulating film 221 covers the 
exposed side surlaces of the p-side cladding layer 218, 
the p-side light guide layer 217, the cap layer 216, the 
active layer 215. the n-side light guide layer 214, the n- 
side cladding layer 213, and the crack prevention layer 
212. When the substrate 1000 is doped with an n-type 
impurity, the buffer layer 21 1 may be completely etched 
by the above etching to expose the surface of the sub- 
strate 1 000. In this case, the n-side electrodes 223a and 
223b can be formed on the exposed surface of the sub- 
strate 1000. In addition, an n-side electrode may be 
formed on only one side of the above rectangular paral- 
lelepiped structure. 

[0118] FIG. 12 shows the structure of still another LD 
device according to the present invention. In the LD 
device shown in FIG. 12. an insulating film 221 is 
formed thick on the exposed surface of a p-side clad- 
ding layer 218 such that the top surface of a p-side con- 
tact layer 219 is exposed. This LD device has a 
structure similar to that of the LD device in FIG. 1 1 
except that the pad electrode 222 is not formed 
because a p-side electrode 220 is formed, in contact 
with the p-side contact layer 21 9, on a wide region of the 
Insulating film 221 . In addition, in the LD device in FIG. 
12. only one n-side electrode 223 is formed. 
[01 19] A nitride semiconductor as an element of the 
nitride semiconductor device structure of the present 
invention can be grown by using any of known methods 
suitable for the growth of a nitride semiconductor such 
as MOVPE. HVPE. and IVIBE. The MOVPE method is a 
preferable growth method. This method can grow an 
excellent crystal. However, since the MOCVD method 
takes a long period of time, a thicker nitride semicon- 
ductor layer is preferably formed by a method taking a 
relatively short period of time for crystal growth. In addi- 
tion, nitride semiconductor portions are preferably 
grown by properly selecting various nitride semiconduc- 
tor growUi methods depending on the application pur- 
poses. In doping a nitride semiconductor with an n-type 



impurity or a p-type impurity, as is known well in this 
field, a Group IV element in the form of an organic com- 
pound or a hydride can be used as an n-type impurity, 
and a Group II element in the fonn of an organic com- 
5 pound can be used as a p-type impurity. 

[0120] The present invention will be desaibed below 
with reference to exarrples. In each of the following 
exarrples, MOVPE was performed under a reduced 
pressure of 50 to 400 Tonr. 

10 

Example 1 

[0121] This example will be described with reference 
to FIGS. lAtolC. 

15 [01 22] First of all, a striped photomask was formed on 
a sapphire substrate 11.2 inches in cGameter, having a 
C plane as a major surface and an ORF surface forming 
an A plane, and 0. 1 -)un thick selective growtti masks 1 3 
made of many Si02 stripes having a stripe wkith of 10 

20 \ym and a stripe interval (width of each window) of 6 jyim 
were formed by using a CVD apparatus. The re^ective 
stripe masks were formed to extend parallel in a direc- 
tion perpendicular to the ORF surface. 
[01 23] The sapphire substrate 1 1 , oh which the selec- 
ts tive growth masks 13 were formed, was set in an 
MOVPE reaction vessel. A low-temperature buffer layer 
(not shown) made of GaN was tiien grown on the sub- 
strate 1 1 . on which the selective growth masks 1 1 were 
formed, to a thickness of about 200 angstroms at a tem- 

30 perature of 510''C by using hydrogen as a carrier gas 
and ammonia and TMQ as source gases. This low-tem- 
perature buffer layer was formed in only windows 14. 
[01 24] After the buffer layer was grown, only the flow 
of TMG was stopped (i.e.. hydrogen carrier gas and 

35 ammonia were kept f^), and the temperature was 
raised to 1.050*C. At I.OSO^C. a nitride semiconductor 
crystal substrate 16 made of GaN doped with Si at 1 x 
10^^/cm^ was grown to a thickness of 100 fim by using 
TMG and ammonia as source gases and silane gas as 

40 a dopant gas. 

[0125] Subsequently, the wafer, on which the GaN 
crystal substrate was grown, was removed from tiie 
reaction vessel, and the surface of the GaN crystal sub- 
strate 16 was formed into a mirror surface by lapping. 

45 Comparative Example 1 

[0126] For comparison, a GaN buffer layer was 
directiy grown on a sapphire substrate as in Example 1 
to a fliickness of 200 angstroms, in the same manner as 
describe above, witiiout forming the sel^ive growth 

50 masks 13. GaN dop^ with Si at 1 x lO^^/cm^ was then 
grown on the buffer layer to a thickness of 100 fim in the 
same manner as described above. 
[0127] When the number of lattice defects (crystal 
defects) per unit area in tiie GaN crystal obtained in 

55 Example 1 and that in the GaN crystal obtained in Com- 
parative Example 1 were measured by two-dimensional 
TEM obsen^ation. the number of lattice defects in the 
GaN crystal in Example 1 was 1/10 or less that in Com- 
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parative Example 1. 
Example 2 

[0128] This example will be described with reference s 
to FIGS. 6A to 6C. 

[0129] Second selective growth masks 113 having a 
stripe width of 10 M.m and a stripe interval of 6 \im were 
grown on the surface of a QaN crystal 16 obtained as in 
Example 1 to a thickness of 0.1 |im in the same manner 
as in Example 1. The positions of the second selective 
growth masks 1 1 3 were shifted from those of first selec- 
tive growth masks 13. More specifically, mask alignment 
was perform^ such that the respective stripes of the 
second selective growth masks 113 were located at 
positions corresponding to windows 1 4 of the first selec- 
tive growth masks and extend parallel to the first selec- 
tive growth masks 13. 

[0130] The wafer, on which the second selective 
growth masks 113 were formed, was placed back into 
the MOVPE reaction vessel, and a GaN crystal 116 
doped with Si at 1 x 10^^/cm^ was grown to a thickness 
of 150 fim by using TUG and ammonia as source gases 
and silane gas as a dopant gas. 
[0131] The wafer, on which the GaN crystal 1 16 was 
grown, was removed from the reaction vessel. The sur- 
face of the crystal was then mirror-polished, and the 
number of lattice defects (crystal defects) per unit area 
was measured by two-dimensional TEM observation in 
the same manner as in Example 1. The number of 
defects in the GaN crystal 116 in this example was 
1/100 or less that in the GaN crystal in Comparative 
Example 1. 

Example 3 

[0132] This exanrrple will be described with reference 
to FIGS. 1 A to 1C and 6A to 6C. 
[0133] A low-temperature buffer layer made of GaN 
was grown on a sapphire substrate 1 1 as in Example 1 
to a thickness of 200 angstroms, and an undop^ GaN 
layer was grown on the buffer layer to a thickness of 5 
Jim. thereby forming an underlayer 12 having a two- 
layer structure. First selective growth masks 13 made 
up of many Si02 stripes having a stripe width of 10 fim 
and a stripe interval of 8 M^n were grown on the flat sur- 
face of the underlayer 12 of a support member 10. 
obtained in this manner, to a thickness of 0.1 jim by the 
same method as in Example 1. The first selective 
growth masks 13 extendi parallel in a direction per- 
pendicular to the sapphire A plane. 
[0134] The wafer, on which the first selective growth 
masks 13 were formed, was moved into the MOVPE 
reaction vessel. An undoped GaN crystal 16 was then 
grown on the wafer to a thickness of 10 ^m at 1 .OSO^'C 
by using TUG and ammonia as source gases. 
[0135] The wafer, on which the QaN crystal 16 was 
grown, was removed from the reaction vessel, and the 



surface of the GaN crystal 16 was formed into a min'or 
surface by lapping. Second selective growth masks 113 
made up of many Si3N4 stripes having a stripe width of 
12 |im and a stripe interval of 6 ^m were grown on the 
surface of this GaN crystal 16 to a thickness of 0.1 ]itr) 
by the same method as in Example 1. The respective 
second strip masks were formed at positions conre- 
^nding to windows 14 of the first selective growth 
masks. 

[0136] The wafer, on which the second selective 
growth masks 113 were formed, was placed back into 
the MOVPE reaction vessel, and an undoped GaN crys- 
tal 116 was grown to a thickness of ISO ^m. The 
number of crystal defects in the obtain^ undoped GaN 
crystal 1 16 was almost equal to that in the GaN crystal 
in Exanple 2. 

Example 4 

[0137] An Si-dop^ GaN crystal 16 was grown to a 
thickness of 100 |im by the same method as in Example 
1 except that a sapphire substrate having an A plane as 
a major surface and an ORF surface forming an R plane 
was used, and silicon dioxide stripe masks were form^ 
to extend in a direction perpendicular to the R plane. 
The number of crystal defects in this GaN crystal 16 
was almost equal to that in the GaN crystal in Example 
1. 



[01 38] This exanrple will be described with reference 
to FIGS, 1 A to 10. 

[01 39] A spinnel substrate 11.1 inch in diameter, hav- 
ing a (211) plane as a major surface and an ORF sur- 
tace forming a (1 10) plane was prepared. First selective 
growth masks 13 made up of many Si02 stripes were 
formed on the surface of this spinnel substrate 11 to 
extend in a direction perpendicular to the ORF surface. 
The stripe width was 12 |im, and the stripe interval was 
6ftm. 

[01 40] A quartz tx>at having Ga metal accommodated 
in a quartz reaction vessel was placed in the HVPE 
apparatus. The spinnel substrate 1 1, on which the first 
selective growth masks 13 were formed, was tilted at a 
position apart from the quartz boat. A halogen gas feed 
pipe was placed near the Ga metal in the reaction ves- 
sel, and a nitrogen source feed pipe was placed near 
the substrate 11. 

[0141] HOI gas was fed into the reaction vessel, 
together with a nitrogen carrier gas, through the halo- 
gen gas feed pipe. In this case, the boat accommodat- 
ing the Ga metal was heated to SOO^'C. and the spinnel 
substrate was heated to 1 .OSO^'C. The HOI gas was then 
caused to react with the Ga metal to produce GaCla. 
Ammonia gas was fed into the reaction vessel, together 
with a nitrogen carrier gas, through the nitrogen source 
feed pipe near the spinnel substrate 1 1, and silane gas 
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was fed. together with hydrogen chloride gas, through 
the halogen gas feed pipe. Crystal growth was then per- 
formed for 3 hours at a growth rate of 50 [im/h. As a 
result, a GaN crystal 16 doped with Si at 1 x 10^^/cm^ 
was grown to a thickness of 150 ^m. 
[0142] The wafer, on which the HVPE gallium nitride 
crystal 16 was grown, was removed from the reaction 
vessel. The uneven portions on the surface of the GaN 
crystal 16 were removed by lapping, and the number of 
lattice def^^ts was measured. The number of defects in 
the GaN crystal 16 obtained in this example was equal 
to that in the GaN crystal in Example 1 . 

Example 6 

[0143] This example will be described with reference 
to FIGS. 8A and 88. 

[0144] A wafer having the Si-doped GaN crystal 
obtained in Example 1 was set in the reaction vessel of 
the MOVPE apparatus, and a high-temperature buffer 
layer 81 made of GaN doped with Si at 1 x 10^^/cm^ 
was grown on the Si-doped GaN crystal to a thickness 
of 1 Jim at 1.050*^0. 

[0145] Subsequently, a 20-angstroms thick active 
layer 82 made of ino.4Gao.6N and having a single quan- 
tum well structure, a 0.3-fim thick p-side cladding layer 
83 made of iVlg-doped Alo.2Gao.8N, and a 0.5-Hm thick 
p-side contact layer 84 made of Mg<loped GaN were 
sequentially grown on the high-tenperature buffer 81 by 
MOVPE. 

[0146] After this step, the wafer was removed from the 
reaction vessel and annealed in a nitrogen atmosphere 
at 600''C to reduce the resistances of the p-side clad- 
ding layer 83 and the p-side contact layer 84. 
[0147] Etching was sequentially performed from the p- 
side contact layer 84 to partly expose the Si-doped GaN 
crystal. This etching provides a "cutting margin" in a 
subs^uent scribing process. 
[0148] After etching, a 200-angstroms thick light- 
transmitting p-side electrode 85 having a two-layer 
structure made of Ni/Au was formed on almost the 
entire surface of the p-side contact layer 84. A 0.5-^m 
thick pad electrode 86 for bonding was formed on the p- 
side electrode 85. 

[0149] After the pad electrode 86 was formed, a sap- 
phire substrate 1 1 of the wafer, a low-temperature buffer 
layer 12, and first selective growth masks 13 (see FIG. 
1C) were removed by polishing to expose the lower sur- 
face of an Si-doped GaN crystal 16. A 0.5-tim thick n- 
side electrode 87 was formed on almost the entire lower 
surface. 

[01 50] Subsequently, scribing was performed from the 
n-electrode side along the above cutting margin to 
cleave the M plane ((IT00) plane) of the Si-doped GaN 
crystal 16 from a plane perpendicular to the M plane, 
thereby obtaining a 300-)im square LED chip. This LED 
emitted 520-nm green light with 20 mA. The output level 
and electrostatic breakdown voltage of the LED were 



twice or more those of the LED device grown on a con- 
ventional sapphire substrate. That is, this device exhib- 
ited excellent characteristics. 

5 Example 7 

[01 51 ] This example will be described with reference 
to FIG. 10. 

[01 52] A wafer, on which an Si-doped GaN crystal 1 1 6 
10 obtained in as Example 2 was grown, was set in the 
i\/IOVPE reaction vessel of the MOVPE apparatus, and 
a high-temperature buffer layer 21 1 made of GaN doped 
with Si at 1 X lO'^^/cm^ was grown on the Si-doped GaN 
crystal 1 16 to a thickness of 1 ^m at 1 ,050*^0. 
15 [0153] A crack prevention layer 212 made of 
lno.1Gao.9N doped with Si at 5 x 1 0^^/cm^ was grown on 
the high-temperature buffer layer 21 1 to a thickness of 
500 angstroms. 

[0154] An n-skle cladding layer 213 having a total 

20 thickness of 0.4 ^m and a superlattice structure was 
formed on the crack prevention layer 212 by alternately 
stacking a total of 100 20-angstroms thick first layers, 
each made of n-type Alo.2Gao.8N doped with Si at 5 x 
10^ ^/cm^, and 20-angstroms thick second layers, each 

25 made of undoped GaN. 

[01 55] An n-side light guide layer 21 4 made of n-type 
GaN doped with Si at 5 x 10^ ^/cm^ was grown on the n- 
side cladding layer 213 to a thickness of 0.1 fim. 
[0156] Subsequently, 25-angstroms thick well layers 

30 made of undoped lno.2Gao.8N and 50-angstroms thick 
barrier layers made of undoped lno.01Gao.g5N were 
alternately stacks to form an active layer 215 having a 
total thickness of 1 75 angstroms and a multi quantum 
well (MOW) structure. 

35 [0157] A p-side cap layer 216 made of p-type 
Alo.3Gao.9N doped with Mg at 1 x 10^^/cm^ and having 
a band gap energy higher than that of a p-side light 
guide layer 217 and that of the active layer 215 was 
grown to a thickness of 300 angstroms. 

40 [01 58] The p-side light guide layer 2 1 7 made of p-type 
. GaN dop^ with Mg at 1 x 10^°/cm^ and having a band 
gap energy higher than that of the p-side cap layer 216 
was grown on the p-side cap layer 216 to a thickness of 
0.1 fim. 

45 [0159] Subs^uently. 20-angstroms thick first layers 
made of p-type Alo.2Gao.8N doped with Mg at 1 x 
10^^/cm^ and 20-angstroms thick s&x)nd layers made 
of p-type GaN doped with Mg at 1 x 10^°/cm^ were 
alternately stacked on the p-side light guide layer 21 7 to 

50 form a p-side cladding layer 21 8 having a total thickness 
of 0.4 ^m and a superlattice structure. 
[0160] Finally, a p-side contact layer 219 made of p- 
type GaN dop^ with Mg at 2 x 10^^/cm^ was grown to 
a thickness of 150 angstroms. 

55 [01 61 ] After all the nitride semiconductor layers were 
grown, the wafer was annealed in a nitrogen atmos- 
phere at 700''C in the reaction vessel, thereby further 
decreasing the resistance of each p-type layer. After 
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annealing, the wafer was removed from the reaction 
vessel, and the p-side contact layer 219 as the upper- 
most layer and the p-side cladding layer 218 were 
etched by using an RIE apparatus, so that a 4-^m wide 
striped ridge was formed. A p-side electrode 220 having 5 
a two-layer structure made of Ni/Au was formal on the 
entire top surface of the ridge. An insulating film 221 
made of Si02 was form^ on the e}(posed side surfaces 
of the p-side cladding layer 218 and the contact layer 

219 except for the p-side electrode 220. A p-side pad 
electrode 222 electrically conn^ed to the p-side elec- 
trode 220 was formed through this insulating film 221 . 
[01 62] After the p-side pad electrode 222 was formed, 
a sapphire substrate 1 1 of the wafer, a buffer layer 12. 
first selective growth masks 13, a first GaN crystal 16, 
second selective growth masks 113, and part of the 
second GaN crystal 1 16 were removed by polishing to 
expose the lower surface of the second GaN crystal. A 
0.5-)im thick n-slde electrode 223 having a two-layer 
structure made of Ti/AI was fbrm^ on the entire lower 
surface of the second GaN crystal. A thin Au/Sn film for 
metallization for a heat sink was form^ on the n-side 
electrode 223. 

[0163] Subsequently, the wafer was scribed from the 
n-side electrode 223 to cleave the second GaN crystal 
1 16 in the form of a bar from the M plane ((ITOO) plane) 
of the second GaN aystal 116 corresponding to a side 
surface of a hexagonal prism in FIG. 3, thereby manu- 
tacturing a resonance surface. A dielectric multilayer 
film made of SiOa and Ti02 was formed on this reso- 
nance surface. Finally, the bar was cut in a direction par- 
allel to the extending direction of the p-side electrode 

220 to obtain laser chips. When the LD device product 
obtained by placing the respective chips on the heat 
sink with the chips facing up (in a state wherein the sub- 
strate faces the heat sink), and performing wire bonding 
for the p-side pad 222 was iaser-osdllat^ at room tem- 
perature, continuous oscillation of an osdilation wave- 
length of 405 nm was observed at room temperature, a 
threshold current density of 2.0 kA/cm^, and a threshold 
voltage of 4.0V. This product exhibited an oscillation life 
of 1,000 hrs or more. 

Example 8 

[0164] This example will be described with reference 
to FIG. 9. 

[01 65] On an undoped GaN crystal 1 1 6 obtained as In 
Example 2. a high-temperature buffer layer 81 made of 
GaN doped with Si at 1 x lO^'^/cm^, a 20-angstroms 
thick active layer 82 made of tno ^Gao.eN and having a 
single quantum well structure, a 0.3-^m thick p-side 
cladding layer 83 made of Alo.2Gao.8N doped with Mg. 
and a 0.5-^m thick p-side contact layer 84 made of Mg- 
doped GaN were sequentially grown by the same 
method as in Example 6. A light-transmitting p-side 
electrode 85 was formed on alnwst the entire surfece of 
the p-side contact layer 84 in the same manner as in 



Example 6. A pad electrode 86 was formed on the p- 
electrode 85. After a praletermine etching step, an n- 
side electrode 87 was formed on the high-temperature 
buffer layer 81. 

[01 66] The LED device of this example differs from the 
LED device of Example 6 in that the LED device struc- 
ture of this exanrple is formed on the second GaN crys- 
tal 116 having better crystallinity than the GaN aystal 
1 16 of Example 1, and the p-side electrode 85 and the 
n-side electrode 87 are fbrmed on the same surface 
side of the substrate. In a nitride semiconductor device 
having a structure in which a nitride semiconductor 
doped with an n- type impurity (high-temperature buffer 
layer 81) is stacks on an undop^ GaN crystal sub- 
strate in this manner, when an n-electrode is formed on 
the n-type layer side, an LED device with low Vf and 
high emission efficiency tends to be easily obtain^ by 
forming the n-electrpde on the nitride semiconductor 
layer doped with an n- type impurity. In fact, both the 
output level and electrostatic breakdown voltage of the 
LED device of Example 8 increased about 1.5 times 
those of the LED device of Example 6. 

Example 9 

[0167] This example will be described with reference 
to FIGS. 1Ato1Cand9. 

[0168] Similar to Example 3, a 200-angstroms thick 
low-temperature buffer layer made of GaN and a 4-|Jim 
thick undoped GaN layer were grown on a sapphire sub- 
strate 1 1 having a C plane as a major surface and an 
ORF surface forming an A plane so as to form an under- 
layer 12 having a tow-layer structure. First selective 
growth masks made up of many Si02 stripes having a 
stripe width of 20 }im and a stripe interval of 5 (im were 
grown on the undoped GaN layer to a thickness of 0.1 
^m by using a CVD apparatus. The first selective growth 
masks extended parallel in a direction perpendicular to 
the ORF surface. 

[0169] This wafer was transferred to the MOVPE 
apparatus, and a GaN crystal doped with Si at 1 x 
1 0^^/cm^ was grown to a thickness of 1 5 ^m. 
[01 70] Subs^uently, in the same manner as in Exam- 
ple 8. a high-temperature buffer layer made of GaN 
doped with Si at 1 x 10^®/cm^ a 20-angstroms thick 
lno.4Gao.6N active layer having a single quantum well 
structure, a 0.3-|tm thick p-side cladding layer made of 
Mg<loped Alo.2Gao.8N, and a 0.5-\im thick p-side con- 
tact layer made of Mg-doped GaN were sequentially 
grown on the Si-dop^ GaN aystal. Thereafter, etching 
was performed from the p-side cladding layer to expose 
the surface of the Si-doped GaN crystal having a high 
impurity concentration, and an n-side electrode was 
fbrmed on the exposed surbce. A light-transmitting p- 
side electrode was formed on almost the entire surface 
of the p-side contact layer. A pad electrode for bonding 
was formed on the p-side electrode. As described 
above, in this LED device, the n- and p-side electrodes 
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were formed on the same surface of the substrate. 
Finally, the sapphire substrate was thinned to a thick- 
ness of about 50 )im by polishing, and scribing was per- 
formed on the polished surface side to obtain a 350-)un 
square LED device. This LED device exhibits charac- 
teristics almost equivalent to those of the LED device of 
Example 6, but the yield of device itself was 100 times 
or more that in Example 6. 

Example 10 

[01 71 1 This example will be described with reference 
to FIGS. lAtolC. 2, and 9. 
[0172] A sapphire substrate 11,2 inches diameter, 
having an off angle 6 = O-IS"" from the C plane, a step 
difference of about 15 angstroms, steps each having a 
ten-ace width W of about 56 angstroms, and an ORF 
surface forming an A plane was prepared. 
[0173] Similar to Example 9. a low-temperature buffer 
layer made of Gafsi was grown on the off-angled surface 
of this sapphire substrate to a thickness of 200 ang- 
stroms, and an undop^ GaN layer was grown on the 
buffer layer to a thickness of 4 [im to form an underlayer 
12 having a two-layer structure. Thereafter, first selec- 
tive growth masks 13 made up of many Si02 stripes 
having a stripe width of 25 \im and a stripe interval of 5 
\im were grown on this undoped GaN layer to a thick- 
ness of 0.1 fim. The first selective growth masks 
extended parallel in a direction perpendicular to the A 
plane. 

[0174] This wafer was transferr^ to the MOVPE 
apparatus, and a GaN crystal doped with Si at 1 x 
10^ ^/cm^ was grown on the wafer to a thickness of 10 

fjim. 

[0175] A high-temperature buffer layer made of GaN 
doped with Si at 1 x 10^^/cm^, a 20-angstroms thick 
lno.4Gao,6N active layer having a single quantum well 
structure, a 0.3-^m thick p-side cladding layer made of 
Mg-doped Alo ^Gao.sN. and 0.5-^m thick a p-side con- 
tact layer made of Mg-dop^ GaN were sequentially 
grown on the Si-doped GaN crystal. 
[0176] Subsequently, a 3S0-fim square LED device 
was obtained by performing the same processing as 
that in Example 9. The output level of this LED device 
improved 5% as conpared with the LED device of 
Example 9, and the yiekJ of the device itself was high as 
in Example 9. 

Example 11 

[0177] After a GaN crystal doped with Si at 1 x 
10^ ^/cm^ was grown to a thickness of 10 jim following 
the same procedure as in Example 9, the wafer was 
removed from the reaction vessel of the MOVPE appa- 
ratus, and 0.1*fim thick second selective growth masks 
made up of silicon dioxide stripes, each having a stripe 
width of 15 fim, were formed at positions con'esponding 
to the window portions of the first selective growth 



masks. The wafer, on which the second selective growth 
masks were fbrm^. was transferred to the MOVPE 
apparatus, and a second GaN aystal 1 16 doped with Si 
at 1 X 10^ ^/cm^ was grown to a thickness of 15 )im. 

5 [01 78] Subsequently, in the same manner as in Exam- 
ple 9. a high-temperature buffer layer made of GaN 
doped with Si at 1 x 10^^/cm^. a 20-angstroms thick 
Ino ^Gao.eN active layer having a single quantum well 
structure, a 0.3-|im thick p-side cladding layer made of 

10 Mg-doped Alo ^Gao.sN, and a 0.5-fim thick p-side con- 
tact layer made of Mg-doped GaN were s^uentially 
grown on the second Si-doped GaN crystal 1 16. There- 
after, a 350-|im square LED device was obtained by fol- 
lowing the same proc^ure as in Example 9. This LED 

15 device exhibits almost the same characteristics as 
those of the LED device of Example 8. The yield of the 
device itself was 100 times or nrx>re that in Example 8. 

Example 12 

20 

[0179] This example will be desaibed with reference 
to FIGS. 8A and 8B, in particular. 
[0180] A sapphire substrate 1 1 having a C plane as a 
major surface and an ORF surface forming an A plane 

25 was set in the reaction vessel of the MOVPE apparatus, 
and a low-temperature buffer layer made of GaN was 
grown on the sapphire substrate 11 to a thickness of 
200 angstroms at 500''C. Thereafter, the temperature in 
the reaction vessel was set to 1.050'*G to grow a GaN 

30 layer to a thickness of 5 p.m. thereby forming an under- 
layer 12 having a two-layer structure. 
[01 81 ] This wafer was rmioved from the reaction ves- 
sel. Stripe photomasks were then formed on the top sur- 
face of the underlayer 12. Selective growth masks 13 

35 made up of many Si02 stripes having a stripe width of 
20 )im and a stripe interval (width of each window) of 5 
urn were formed to have a thickness of 0.1 jim by using 
a CVD apparatus. The resp^ive stripe masks 
extended parallel in a direction perpendicular to the 

40 ORF surface. 

[0182] The wafer, on which the first selective growth 
masks 1 3 were formed, was set in the MOVPE reaction 
vessel again, and a GaN crystal 16 doped with Si at 1 x 
10^^/cm^ was grown to a thickness of 100 |im at 

45 1.050'»C. 

[01 83] The wafer, on which the Si-doped GaN crystal 
16 was grown, was removed from the MOVPE reaction 
vessel, and the surface of the Si-doped GaN crystal 16 
was formed into a mirror surface by lapping. The 

50 number of aystal defects in the surface region, of this 
Si-doped GaN crystal 16. which corresponds to each 
first selective growth mask 13 was 10^/cm^ or less. 
[0184] The wafer, on which the Si-doped GaN crystal 
16 was grown, was transferred to the MOVPE reaction 

55 vessel again, and a buffer layer (n-side cladding layer) 
81 made of GaN dop^ with Si at 1 x 10^ ^/cm^ was 
grown on the Si-doped GaN crystal 16 to a thickness of 
1 fim. 
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[0185] Subsequently, a 20-angstroms thick undoped 
lno.4Gao.6N active layer 82 having a single quantum well 
structure, a 0.3-)im thick p-side cladding layer 83 made 
of AIq aGao sN doped with Mg at 1 x 10^/cm^, and a 
0.5-|jmi thick p-side contact layer 84 made of GaN 5 
doped with Mg at 1 x 10^^/cm^ were sequentially grown 
on the n-side cladding layer 81 . 
[0186] After this step, the wafer was remove from the 
MOVPE reaction vessel and annealed in a nitrogen 
atmosphere at 600*C to reduce the resistances of the p- 
side cladding layer 83 and the p-side contact layer 84. 
Etching was then performed from the p-side contact 
layer 84 to expose the surface of the n-skie cladding 
layer 81 or the GaN crystal 16, and a cutting margin was 
fbrm^. 

[0187] After the etching step, a 200-angstroms thick 
light-transmitting p-side electrode 85 having a two-layer 
structure made of Ni/Au was formed on almost the 
entire surface of the p-side contact layer 84, and a 0.5- 
\im thick p-side pad electrode 86 for bonding was 
formed on the p-electrode 85. 
[0188] After the p-side pad electrode 86 was formed, 
the sapphire substrate 1 1 of the wafer, the underlayer 
12. and the first selective growth masks 13 were 
removed by polishing to expose the lower surface of the 
GaN crystal 16, and a 0.5-|im thick n-side electrode 87 
having a two-layer structure made of W/AI was formed 
on almost the entire lower surfece. 
[01 89] Subsequently, the wafer was cut along the cut- 
ting margin into a bar, and the bar was cut in a direction 
perpendicular to a short side of the bar to obtain an LED 
chip. The crystal defects in the nitride semiconductor 
layer under the active layer of this LED chip were few in 
a portion on each first selective growth mask, and were 
many in a portion on each window portion. A highly reli- 
able device can therefore be obtained by setting a large 
area of the active layer in the regions having few crystal 
defects. The LED obtained in this example emitted 520- 
nm green light with 20 mA. The output level and electro- 
static breakdown voltage of the LED were twice or more 
those of a nitride semiconductor device structure grown 
on a conventional sapphire substrate. That is, this 
device exhibited excellent characteristics. 
[0190] In this example, each first selective growth 
mask was in the form of a stripe. However, selective 
growth masks may be formed in advance to have a reg- 
ular dot pattern in accordance with the shape of each 
chip to be cut (e.g., a rectangular shape), and chips 
maybe cut at positions corresponding to the window 
portions of the selective growth masks. 

Example 13 

[01 91 ] This example will be described with reference 
to FIG. 1 1 , in particular. 

[01 92] A GaN crystal 1 6 doped with Si at 1 x 1 0^ ^/crrp 
was grown to a thickness of 6 fim by the same method 
as in Example 12. 



[0193] The wafer, on which this GaN crystal 16 was 
grown, was set in the MOVPE reaction vessel, and a 
high-temperature buffer layer 21 1 made of GaN doped 
with Si at 1 X 10^^/cm^ was grown on this Si-doped GaN 
crystal 15 at 1.050*»C. 

[0194] A crack prevention layer 212 made of 
lno.1Gao.9N doped with Si at 5 x 10^ ^/cm^ was grown on 
the high-temperature buffer layer 211 to a thickness of 
500 angstroms. 

[01 95] Subsequently, a total of 1 0 20-angstroms thick 
first layers made of n-type Alo.2Gao.8N dopaJ with Si at 
5 X 10^ ^/cm^ and 20-angstroms thick second layers 
made of undoped GaN were alternately stacked on the 
crack prevention layer 212 to form an n-side cladding 
layer 213 having a total thickness of 0.4 \irr\ and a 
superlattice structure. 

[01 96] An n-side light guide layer 2 1 4 made of n-type 
GaN doped with Si at 5 x 10^®/cm^ was grown to a thick- 
ness of 0.1 |im. 

[0197] Twenty-five-angstroms thick well layers made 
of undoped lno.2Gao.8N and 50-angstroms thick ban-ier 
layers made of undoped lno.01Gao.99N were alternately 
stacked on the n-side light guide iayer 214 to form an 
active layer 215 having a total thickness of 175 ang- 
stroms and a multi quantum well (MOW) structure. 
[0198] A p-side cap layer 216 made of p-type 
Alo.3Gao.7N dopaj with l\/ig at 1 x lO^^/cm^ and having 
a band gap energy higher than that of a p-side light 
guide layer 217 and that of the active layer 215 was 
grown on the active layer 215 to a thickness of 300 ang- 
stroms. 

[01 99] The p-side light guide layer 21 7 made of p-type 
GaN doped with Mg at 1 x 10^/cm^ and having a band 
gap energy lower than that of the p-side cap layer 216 
was grown on the p-side cap layer 21 6 to a thickness of 
0.1 (im. 

[0200] Twenty-angstroms thick first layers made of p- 
type Alo.2Gao.8N doped with Mg at 1 x 10^/cm^ and 20- 
angstroms thick second layers made of p-type GaN 
doped with Mg at 1 x 1 0^^/cm^ were alternately stacked 
on the p-side light guide layer 2 1 7 to grow a p-side clad- 
ding layer 218 having a total thickness of 0.4 ]im and a 
superlattice structure. 

[0201] Finally, a p-side contact layer 219 made of p- 
type GaN doped with Mg at 2 x 10^^/cm^ was grown to 
a thickness of 150 angstroms. 
[0202] After all the nitride semiconductor layers were 
grown, the wafer was annealed in a nitrogen atmos- 
phere at 700**C in the reaction vessel to further 
decrease the resistance of each p-type layer. After the 
annealing step, the wafer was removed from the reac- 
tion vessel, and the p-side contact layer 219 as the 
uppermost layer and the p-side cladding layer 218 were 
etched by using an RIE apparatus to form a ridge hav- 
ing a stripe with of 4 )xm. The ridge was form^ above 
the first selective growth masks in a direction parallel to 
the stripes of the first selective growth masks. 
[0203] After the ridge was formed, the portions, of the 
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p-side light guide layer 21 7, which were exposed on the 
two sides of the ridge stripe were etch^ to expose the 
surface portions, of the n-side cladding layer 211. on 
which n-side electrodes 223a and 223b were to be 
formed. 

[0204] After this step, a p-side electrode 220 having a 
two-layer structure made of Ni/Au was formed on the 
entire top surface of the ridge. An insulating film 221 
made of Si02 was fbrm^ on the surfaces of the p-side 
cladding layer 218 and the p-side contact layer 219 
except for the p-side electrode 220. A p-side pad elec- 
trode 222 electrically connected to the p-side electrode 
220 through the insulating film 221 was formed. The n- 
side electrodes 223a and 223b having a two-layer struc- 
ture made of W/AI were form^ on the exposed sur- 
faces of the n-side cladding layer 21 1. 
[0205] After the n-side electrode was formed, the sap- 
phire substrate of the wafer was polished to a thickness 
of 50 ^m in the same manner as in Example 1 . Thereaf- 
ter, the active layer 215 was cleaved from the sapphire 
substrate 11 in a direction perpendicular to the p-side 
electrode 220 and the n-side electrodes 223a and 223b 
in the form of stripes, thereby making the cleavage sur- 
face of the active layer 215 serve as a resonance sur- 
face. The QaN crystal 16 includes regions having many 
crystal defects and regions having few crystal defects. 
In an LD device, the n-side electrodes 223a and 223b 
were formed on the regions having many crystal defects 
to omit the active layer 215. Since this eliminates the 
possibility that the active layer 215 on which heat con- 
centrates is destroyed by crystal defects, a highly relia- 
ble LD device having a long service life can be realized. 
[0206] When the LD device obtained in this example 
was laser-oscillated at room temperature, continuous 
oscillation of an oscillation wavelength of 405 nm was 
observe at a threshold current density of 2.0 kA/cm^ 
and a threshold voltage of 4.0V. This product exhibited 
an oscillation life of 1 .000 hrs or more. 

Example 14 

[0207] This example will be described with reference 
to FIGS. 1A to 1C, in particular. 
[0208] First of ail. a strips photomask was fbrm^ on 
a sapphire sut3Strate 11.2 inches in diameters, having a 
C plane as a major surface and an ORF surface forming 
an A plane by the same method as in Example 1. and 
first selective growth masks 13 made up of many SiOa 
stripes having a stripe width of 10 fim and a stripe inter- 
val (window 14) of 5 ^m were grown to a thickness of 1 
^m. The respective stripes 13 extended in a direction 
perpendicular to the ORF surface of the sapphire sub- 
strate 1 1 . 

[0209] The sapphire siibstrate 1 1 . on which the first 
selective growth masks 13 were form^, was set in the 
MOVPE reaction vessel, and a low-temperature buffer 
layer (not shown) made of GaN was grown on the sub- 
strate 1. on which the selective growth masks 13 were 



formed, to a thickness of about 20 angstroms by setting 
a temperature of 51 0"* and using hydrogen as a earner 
gas and ammonia and TMG as source gases. 
[021 0] After the buffer layer was grown, only the flow 

5 of TMG was stopped, and the temperature was raised to 
1.050''C. A GaN crystal 16 doped with Si at 1 x 
10^^/cm^ was grown to a thickness of 100 |xm at 
1 ,050''C by using TMG and ammonia as source gases 
and silane gas as a dopant gas. 

10 [0211] After this step, the wafer on which the GaN 
crystal 16 was grown was removed from the reaction 
vessel, and the surface of the GaN crystal (substrate) 
16 was formed into a mirror surface by lapping. 
[021 2] The number of crystal defects in the GaN ays- 

15 tal obtain^ in Exanrple 14 and that in the GaN aystal 
obtained in Comparative Example 1 were measured by 
two-dimensional TEM observation. As a result, the aver- 
age number of crystal def^s in the GaN aystal 
obtained in Example 14 was 1.3 x 10^/cm^, and that in 

20 the GaN crystal in Comparative Example 1 was 2.4 x 
10^/cm^. The number of crystal defects in the GaN crys- 
tal of Example 14 was 1/10 or less that in the GaN crys- 
tal in Comparative Example 1. 



[0213] This example will be described with reference 
to FIGS. lAtolC. 

[0214] A low-temperature buffer layer made of GaN 
was grown on the sapphire substrate 1 1 used in Exam- 
ple 1 4 to a thickness of 200 angstroms, and an undoped 
GaN layer was grown on the buffer layer to a thickness 
of 5 M^m. thereby forming an underlayer 12 having a two- 
layer structure. One-fim thick first selective growth 
masks 13 made up of many Si02 stripes having a stripe 
width of 10 ^m and a stripe interval of 3 ^m were form^ 
on the top surface of the underlayer 12 of this wafer by 
the same method as in Example 14. The respective 
stripes 13 extended in a direction perpendicular to the 
ORF surface of the sapphire substrate 1 1 . 
[0215] The wafer, on which the selective growth 
masks 13 were formed, was transferred to the HVPE 
reaction vessel, and an Si-dop^ GaN crystal 16 was 
grown on the wafer to a thickness of 300 p.m at 1 .050*^0 
by using GaC\^ and ammonia as source gases and 
silane gas as a dopant gas. 

[0216] The wafer, on which the GaN crystal 16 was 
grown, was removed from the reaction vessel. The sap- 
phire substrate 1 1, the underlayer 12, and the sapphire 
substrate 11 were removed by polishing, and the lower 
surbce of the QaN crystal 16 was min^or-finished. 
thereby obtaining an Si-doped GaN crystal substrate. 
[021 7] As in Example 1 4. when the number of crystal 
defects in the surfoce of the substrate on the opposite 
side to the polished surface was measured, the number 
was 1 X 10^/cm^, which was smaller than that in the 
GaN crystal of Example 14. That is, a device manufac- 
turing substrate having very good crystallinity was 
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Obtained. 
Example 16 

[0218] An Si-doped GaN crystal 16 was grown to a s 
thickness of 100 \im by the same method as in Example 
14 except that the sapphire substrate 11 having an A 
plane as a major surface and an ORF surface forming 
an R plane was used as the dissimilar substrate 11. 
Note that stripes 13 extended in a direction perpendicu- 
lar to the R plane. As a result, the GaN crystal 16 having 
very few etching pits, which were almost equal in 
number to those in Example 1 , was obtained. 

Example 17 

[0219] A spinnel substrate 11,1 inch in diameter, hav- 
ing a (1 1 1) plane as a major surface and a (1 10) plane 
forming an ORF surface was prepared. One-fim thick 
first selective growth masks 13 made up of many Si02 
stripes were formed on the surface of this spinnel sub- 
"strate 1 to extend in a direction perpendicular to the 
ORF surface by the same method as in Example 1 . The 
strip width was 10 M^m. and the stripe interval was 3 ^m. 
[0220] A GaN crystal 1 6 doped with Si at 1 x 1 0^ ^/cvrP 
was grown on the spinnel substrate 11, on which the 
selective growth masks 13 were formed, to a thickness 
of 150 |im by the same HVPE method as that in Exam- 
ple 5. 

[0221 ] The wafer, on which the Si-doped GaN crystal 
was grown, was remove from the reaction vessel, and 
the spinnel substrate 1 1 and the selective growth masks 
13 were removed by lapping. When the number of crys- 
tal defects in the resultant structure was measure in 
the same manner as in Example 14, the GaN crystal 
obtained in this example was a crystal having very few 
etching pits almost equal in number to those in Example 
14. 

Example 18 

[0222] This example will be described with reference 
to FIGS. 8A and SB. in particular. 
[0223] A sapphire substrate 11, a low-temperature 
buffer layer, and selective growth masks 13 were 
removed from a wafer obtained as in Example 1 4 by pol- 
ishing so as to expose the lower surface of the Si-doped 
GaN crystal, thereto obtaining an Si-doped GaN crystal 
substrate 1000 in a free state. 
[0224] This Si-doped GaN crystal substrate 1 000 was 
set in the reaction vessel of the MOVPE apparatus, and 
a high*temperature buffer layer 81 made of GaN doped 
with Si at 1 x 10^ ^/cm^ was grown on the surface of the 
substrate at I.OSO^'C. 

[0225] A 20-angstroms thick Ino 4Gao.6M active layer 
82 having a single quantum well structure, a 0.3-^m p- 
side cladding layer 83 made of AIq 2Gao.8N doped with 
Mg at 1 X 10^^/cm^, and a 0.5-^m thick p-side contact 



layer 84 made of GaN doped with Mg at 1 x 10^/cm^ 
were sequentially grown on the high-temperature buffer 
layer 81. 

[0226] The wafer, on which the respective nitride sem- 
iconductor layers were grown, was removed from the 
reaction vessel and was annealed in a nitrogen atmos- 
phere at 600<'C to decrease the resistances of the p- 
side cladding layer 83 and the p-side contact layer 84. 
Thereafter, etching was performed from the p-side con- 
tact layer 34 side to expose the upper surfece of the Si- 
doped GaN crystal substrate 1000. With this etching 
step, a "cutting margin" for chip cutting was formed. 
[0227] After the above etching step, a 200-ang8troms 
thick light-transmitting p-side electrode 85 having a two- 
layer structure made of Ni/Au was form^ on almost the 
entire upper surface of the p-side contact layer 84. A 
0.5-|im thick pad electrode 86 for bonding was formed 
on the p-side electrode 85. 

[0228] After the pad electrode was formed, a 0.5-(im 
thick n-side electrode 87 was formed on the entire lower 
surface of the GaN crystal substrate 1000. 
[0229] After this step, scribing was performed from the 
n-electrode side along the ak)Ove cutting margin to 
cleave the M plane ((ITOO) plane) of the GaN aystal 
substrate 1000 from a surface perpendicular to the i^ 
plane, thereby obtaining a 300-fim square LED chip. 
This LED emitt^ 520-nm green light with 20 mA. The 
output level and electrostatic breakdown voltage of the 
LED were twice or more those of a device obtain^ by 
growing a nitride semiconductor device structure on a 
conventional sapphire substrate. That is, this device 
exhibited excellent characteristics. 

Example 19 

[0230] This example will be described with reference 
to FIG. 10. 

[0231] An Si-doped GaN crystal substrate 1000 in a 
free state, obtained as in Example 18. was set in the 
reaction vessel of the MOVPE apparatus, and an n-side 
cladding layer 213 was directly formed on the upper sur- 
face of this substrate 1 000 without forming a buffer layer 
211 and a crack prevention layer 212. More specifically, 
a total of 100 20-angstroms thick first layers made of n- 
type Alo.2Gao.8N doped with Si at 1 x 10^ ^/cm^ and 20- 
angstroms thick second layers made of undop^ GaN 
were alternately grown to form an n-side cladding layer 
213 having a total thickness of 0.4 iim and a superlattice 
structure. 

[0232] An n-side light guide layer 214 made of n-type 
GaN doped with Si at 1 x 10^^/cm^ was grown on the n- 
side cladding layer 213 to a thickness of 0.1 ^m. 
[0233] Subsequently. 25-angstroms thick well layers 
made of ino.2Gao.8N doped with Si at 1 x lO^^/cm^ and 
50-angstroms thick barrier layers made of lno.01Gao.95N 
doped with Si at 1 x 10^ ^/cm^ were alternately stacked 
on the n-side light guide layer 21 4 to form an active layer 
215 having a total thickness of 175 angstroms and a 
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multi quantum well (MQW) structure. 
[0234] A p-side cap layer 216 made of Alo sGao.gN 
doped with Mg at 1 x 10^^/cm^ and having a band gap 
energy higher than that of the p-side light guide layer 
217 and that of the active layer 215 was grown on the 
active layer 215 to a thickness of 300 angstroms. 
[0235] Subsequently, a p-side light guide layer 217 
made of p-type GaN doped with Mg at 1 x 1 0^®/cm^ and 
having a band gap energy lower than that of the p-side 
cap layer 216 was grown on the p-side cap layer 216 to 
a thickness of 0.1 fim. 

[0236] Twenty-angstroms thick first layers made of p- 
type Alo.2Gao.8N doped with Mg at 1 x 10^/cm^ and 20- 
angstroms thick second layers made of p-type GaN 
doped with Mg at 1 x lO^^/cm^ were alternately stacks 
on the p-side light guide layer 21 7 to form a p-side clad- 
ding layer 218 having a total thickness of 0.4 |im and a 
superlattice structure. 

[0237] Finally, a p-side contact layer 219 made of p- 
type GaN doped with Mg at 2 x 10^°/cm^ was grown on 
the p-side cladding layer 218 to a thickness of 150 ang- 
stroms. 

1022SI The wafer, on which the respective nitride sem- 
iconductor layers were formed in this manner, was 
annealed in a nitrogen atmo^here at 700'*C to further 
decrease the resistance of each p-type layer. After the 
annealing step, the wafer was removed from the reac- 
tion vessel, and the p-side contact layer 219 as the 
uppermost layer and the p-side cladding layer 218 were 
etched by using the RIE apparatus to provide a ridge 
having a stripe width of 4 |uim. A p-side electrode 220 
having a two-layer structure made of Ni/Au was form^ 
on the entire top surface of the ridge. Thereafter, an 
insulating film 221 made of Si02 was formed on the 
exposed skie surface of the p-skle electrode 220 and 
the exposed surfaces of the p-skle cladding layer 218 
and the contact layer 219 except for the top surface of 
the p-side electrode 220. A p-side pad electrode 222 
electrically connected to the p-side electrode 220 
through the insulating film 221 was formed. 
[0239] After the p-side pad electrode 222 was formed, 
a 0.5-|im thick n-skie electrode 223 having a two-layer 
structure made of Ti/Al was formed on the entire lower 
surface of the Si-doped GaN crystal substrate 1000. A 
thin film made of Au/Sn was formed for metallization for 
a heat sink on the n-side electrode 223. 
[0240] Subsequently, the wafer was saibed from the 
n-side electrode 223 to cleave the GaN crystal sub- 
strate 1000 along the M plane ((IT0O) plane); corre- 
sponding to a side surface of the hexagonal prism in 
FIG. 3) of the GaN crystal substrate 1000 to provkJe a 
resonance surface and obtain a bar. A dielectric multi- 
layer film made of Si02 and Ti02 was formed on both or 
one of the resonance surfeces of this bar. Finally, the 
bar was cut in a direction parallel to the extending dir^- 
tion of the p-side electrode 220 to obtain an LD device 
chip. This chip was placed on the heat sink with the chip 
facing up, and the p-skJe pad electrode 222 was bonded 



thereto by wire bonding. When this LD device was laser- 
oscillated at room temperature, continuous oscillation of 
an oscillation wavelength of 405 nm was observed at a 
threshoM current density of 2.0 kA/cm^ and a threshokl 
5 voltage of 4.0V. The device exhibited a life of 1.000 hrs 
or more. 

Example 20 

10 [0241] This example will be described witii reference 
to FIG. 9. in particular. 

[0242] A total of 100 20-angstroms thick first layers 
made of n-type Alo.2Gao.8N doped with Si at 1 x 
10'' ^/cm^ and 20-angstroms second layers made of 

15 undoped GaN were alternately grown on an undop^ 
GaN crystal 16 (supported on sapphire substrate 11) 
obtain^ as in Example 15 to form an n-side cladding 
layer 81 having a total thickness of 0.4 (tm and a super- 
lattice structure. 

20 [0243] A 20-angstroms thick lno.4Gao.6N having a sin- 
gle quantum well structure, a 0.3-^m thick p-side clad- 
ding layer 83 made of Alo.2Gao.8N doped with Mg at 1 x 
10^°/cm^, and a 0.5-jim tiiick p-side contact layer 84 
made of GaN doped with Mg at 1 x 10^^/cm^ were 

25 sequentially grown on the n-side buffer layer 81 . Etching 
was perform^ from the p-side contact layer 84 to 
expose the upper surface of the Si-dop^ GaN aystal 
1000 having a high impurity concentration. An n-skie 
electrode 87 was formed on ttie expose upper surface. 

30 A light-transmitting p-side electrode 85 was formed on 
almost the entire surface of the p-side contact layer 84. 
A pad electrode 86 for bonding was formed on the p- 
side electrode 85. Finally, the sapphire substrate was 
polished to a thickness of about 50 ^m, and the polished 

35 sur^ce was scribed to obtain a 350-)im square LED 
device. 

[0244] The output level and electrostatic breakdown 
voltage of the obtained LED device increased about 1 .5 
times those of the LED device of Example 18. 

40 

Example 21 

[0245] A low-temperature buffer layer made of GaN 
was grown on a sapphire substrate 1 1 as in Example 15 

45 to a tiiickness of 200 angstroms following the same pro- 
cedure as in Example 15. An undoped GaN layer was 
grown on the buffer layer to a thickness of 4 ^m. There- 
after, first selective growth masks 13 identical to those 
in Example 15 were form^. 

50 [0246] This wafer was transferred to the MOVPE 
apparatus, and a GaN crystal 16 doped witti Si at 1 x 
10^®/cm^ was grown to a thickness of 15 \im. 
[0247] After an n-side cladding layer 81, an active 
layer 82, a p-sMe cladding layer 83. and a p-side con- 

55 tact layer 84 were sequentially grown on this GaN crys- 
tal 16 as in Exanrple 20. the resultant structure was 
subjected to the same processing as that in Example 
20. tiiereby obtaining a 350-|im square LED device. 
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This LED device exhibited good characteristics like the 
LED device of Example 20. In addition, the service life 
of this LED device became longer than that of the LED 
device of Example 20. 

Example 22 

[0248] A low-temperature buffer layer made of QaN 
and an undoped QaN layer were grown on an off-angl^ 
sapphire substrate 1 1, and first selective growth masks 
13 were formed on the resultant structure in the same 
manner as in Example 10 except that the stripe width 
was 10 fim and the stripe inten^al was 5 \xm. 
[0249] This wafer was transferr^ to the iViOVPE 
apparatus, and a QaN aystal 16 doped with Si at 1 x 
10^^/cm^ was grown on this wafer to a thickness of 10 
Jim. 

[0250] After an n-side cladding layer 81, an active 
layer 82, a p-side cladding layer 83. and a p-side con- 
tact layer 84 like those in Example 20 were s^uentialiy 
grown, and the resultant structure was subjected to the 
same processing as in Example 20. thereby obtaining a 
350-|im ^uare LED device. The output level of this LED 
device increased about 5% as compared with the LED 
device of Example 20, and the yieki of the device itself 
was high as in Example 20. 

Example 22 

[0251 ] Three types of Si-doped QaN crystals 1 6 were 
grown in the same manner as in Example 1 4 except that 
the stripe intervals of the respective types of crystals 
were set to 5 ^m, 3 fim, and 1 |im. 
[0252] When the number of etching pits was meas- 
ured in the same manner as in Example 1 4. the number 
of etching pits with the stripe intervals being 3 fim and 1 
|im was smaller than that with the stripe interval being 5 
^m by about 20%. 

Exanple 23 

[0253] This example will be described with reference 
to FIGS. 1 A to 1C. in particular. 
[0254] A sapphire substrate 11.2 inches in diameter, 
having a C plane as a major surface and an ORF sur- 
face forming an A plane was set in the iViOVPE reaction 
vessel. A low-temperature buffer layer made of QaN 
was grown on the substrate at a temperature of 500*^0 
by using hydrogen gas as a carrier gas and TMG and 
ammonia as source gases. An undoped QaN layer was 
then grown on the buffer layer to a thickness of 5 \m at 
a temperature of I.OSO^'C. thereby forming an under- 
layer 12 having a two-layer structure. 
[0255] The wafer, on which this underlayer 12 was 
formed, was remove from the MOVPE reaction vessel, 
and a striped photomask was formed on the upper sur- 
face of the underlayer 12. By using a CVD apparatus. 1 - 
\itr\ thick first selective growth masks 13 made up of 



many Si02 stripes having a stripe width of 10 M,m and a 
stripe interval of 2 >im were formed on the wafer. 
[0256] The wafer, on which the selective growth 
masks 13 were formed, was set in the MOVPE reaction 

5 vessel again, and an undoped QaN crystal 16 was 
grown on the wafer to a thickness of 30 {xm at a temper- 
ature of I.OSO'C by feeding ammonia at a flow rate of 
0.27 mol/min and JMG at a flow rate of 225 micro- 
mol/min (V/lll ratio = 1200). After this growth step, the 

10 cross-section of the QaN crystal 1 6 was observed by a 
TEM. As a result, it was found that the number of crystal 
defects in a lower-side region up to a level of about 5 \itr) 
from the interfece between the crystal 1 6 and the under- 
layer 12 was large (10®/cm^ or more), and a region 

IS above this lower-side r^ion had a small number of 
crystal defects (10^/cm^ or less) and could be satistac- 
torily used as a nitride semiconductor crystal substrate. 
Relatively many crystal defects were present in the por- 
tions, of the upper surface of the crystal 16 after the 

20 growtii step, which con-espond to the middle portions of 
the respective stripe masks and the middle portions of 
ttie window portions. However, tiie number of crystal 
defects in tiiese portions was smaller tiian tiiat in the 
case of V/lll ratio of 2.000 or more by 100 times or more. 

25 [0257] An n-side buffer layer 21 1 made of QaN dop^ 
with Si at 3 X 10^^/cm^ was grown on the QaN crystal 16 
to a fliickness of 5 ftm by using ammonia as a source 
gas and silane gas as a dopant gas. 
[0258] A crack prevention layer 212 made of 

30 lno.06Gao.94N was grown on the n-skle buffer layer 21 1 
at a temperature of 800* by using TMG. TMI, and 
ammonia as source gases. 

[0259] Subsequently, 25-angstroms thick first layers 
made of n-type Alo.2Qao.8N doped with Si at 1 x 

35 10^ ^/cm^ (using TMA, TMQ, ammonia, and silane gas) 
and 25-angstroms thick second layers made of 
undoped QaN (using TI\yiQ and ammonia) were alter- 
nately grown at 1 .050X to form an n-side cladding layer 
213 having a total thickness of 0.3 \im and a superlattice 

40 structure. 

[0260] An n-side light guide layer 214 made of 
undoped QaN was grown to a fliickness of 0.1 ]im at 
1.050^C. 

[0261] Subsequently, 40-angstroms thick well layers 
45 made of undoped lno.2Gao.8N and 1 00-angstroms fliick 
barrier layers made of undoped lno.01Qao.95N were 
alternately stacked at a temperature of 800''C by using 
TMG, TMI, and ammonia to grow an active layer 215 
having a barrier layer as ttie last layer, a total ttiickness 
50 of 440 angstroms, and a multi quantum well structure. 
[0262] The temperature was ttien raised to 1 .OSO^'C. 
and a p-side cap layer 216 made of p-type Alo.3Qao.7N 
dop^ witti Mg at 1 X lO^^/cm^ and having a tiand gap 
energy higher than ttiat of a p-side light guide layer 217 
55 was grown to a ttiickness of 300 angstroms by using 
TMQ, TMA, ammonia, and Cp2Mg. 
[0263] The p-side light guide layer 217 made of 
undoped QaN and having a band gap energy lower tiian 
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that of the p-side cap layer 216 was grown to a thick- 
ness of 0. 1 |im at 1 ,050*C by using TMG and ammonia. 
[0264] Subsequently. 25-angstroms thick first layers 
made of p-type AI0.2Gad.8N doped with Mg at 1 x 
10^^/cm^ and 25-angstroms thick second layers made 
of undop^ GaN were alternately stacked at 1 .OSO'^C to 
grow a p-side cladding layer 218 having a total thick- 
ness of 0.8 \im and a superlattice structure. 
[0265] Finally, a p-side contact layer 219 made of p- 
type GaN doped with Mg at 2 x 10^^/cm^ was grown on 
the p-side cladding layer 218 to a thickness of 1 50 ang- 
stroms at 1,050''C. 

[0266] The wafer, on which the nitride semiconductor 
layers were grown in the above manner, was annealed 
in a nitrogen atmosphere at TOO^'C to further decrease 
the resistances of the layers doped with a p-type impu- 
rity. 

[0267] After the annealing step, the wafer was 
remove from the reaction vessel, and the p-side con- 
tact layer 219 as the uppermost layer and the p-side 
cladding layer 218 were etch^ to provide a ridge hav- 
ing a stripe width of 4 ^m by using the RIE apparatus. At 
this time, ridge stripes were formed in surface regions 
other than regions at positions con^esponding to the 
middle portions of the stripe masks 13 and the middle 
portions of the windows in which crystal defects 
appeared. The formation of ridge stripes at positions 
where almost no crystal defects are present tends to 
make it difficult to cause dislocation of crystal defects 
from the substrate to the active region during laser oscil- 
lation. This prolongs the service life of the device and 
improves the reliability, resulting in an improvement in 
reliability 

[0268] A protective mask was formed on the ridge top 
surface and etched by RIE to e}(pose the upper surface 
of the n-side buffer layer 21 1 . This exposed n-side buffer 
layer 21 1 also serves as a contact layer for the forma- 
tion of n-side electrodes 223a and 223b. Note that etch- 
ing can be performed up to the region, of the GaN 
crystal 16. in which many crystal defects are present, 
and the exposed surface can be provided as a contact 
layer. 

[0269] A p-side electrode 220 made of Ni and Au was 
formed, in the form of a stripe, on the top surface of the 
p-side contact layer 219 forming the ridge. The n-side 
electrodes 223a and 223b made of Ti and Al were 
formed, in the form of stripes, on the surface portions, of 
the n-side buffer layer 211, which were exposed by the 
above etching. 

[0270] After this step, an insulating film 221 made of 
Si02 was formed on the side surfaces, of the nitride 
semiconductor layer, which were expose by the above 
etching, and a p-pad electrode 222 electrically con- 
nected to the p-electrode 220 through the insulating film 
221 was formed. 

[0271 ] The obtain^ wafer was transferred to the pol- 
ishing apparatus to lap the lower surface of the sapphire 
substrate 1 1 to a thickness of 70 (im by using a diamond 



abrasive. Thereafter, the lower surface of the sapphire 
substrate 1 1 was polished by 1 ftm into a min^or surface 
by using a finer abrasive. The entire lower surface was 
metallized with Au/Sn. 

5 [0272] After this step, the wafer was scribe on the 
Au/Sn side to be cleaved in the form of a bar in a direc- 
tion perpendicular to the striped electrodes, thereby 
forming a cleavage surface. A dielectric multilayer film 
made of Si02 and T1O2 was formed on the resonance 

10 surface. Finally, the bar was cut in a direction parallel to 
the p-el^rode to obtain an LD device chip. This chip 
was plac^ on the heat sink with the chip facing up. and 
the respective electrodes were bonded to each other by 
wire bonding. When this LD device was laser-oscillated 

15 at room temperature, continuous oscillation of an oscil- 
lation wavelength of 405 nm was observed at a thresh- 
old current density of 2.0 kA/cm^ and a threshold 
voltage of 4.0V. TTie device exhibits a life of 1.000 hrs 
or more. In addition. 500 LD devices were arbitrarily 

20 extracted selects from the LD devices obtain^ from 
the above wafer, and the service lives of the 500 LD 
devices were measure to find that 70% or more of the 
devices exhibits service lives of 10.000 hrs or more. 
[0273] The LD devices were manufactured in the 

25 same manner as in Example 23 except that the 
undoped GaNGaN crystals 16 were grown to a thick- 
ness of 30 ^m by setting the flow rate of ammonia to 
0.36 mol/min and the flow rate of TMG to 162 micro- 
mol/min (V/lll ratio = 2222). and the ridge stripes were 

30 formed at arbitrary positions. Of the 500 LD devices 
arbitrarily selects from the obtained LD devices. 5% or 
less achieved service lives of 10.000 hrs or more. 

Example 24 

35 

[0274] LD devices were manufactured by the same 
method as in Example 23 except that each GaN crystal 
16 was grown to a thickness of 10 fim. In this case, the 
number of crystal defects in the surface of the GaN 
40 aystal 16 tended to be larger than that in the LD device 
of Example 23 on about one order of magnitude. In 
addition, of 500 LD devices arbitrarily selected from the 
obtained LD devices. 5% or more achieved service lives 
of 10,000 hrs or more. 

45 

Example 25 

[0275] This example will be described with reference 
to FIG. 1 1 mainly 

50 [0276] An Si-doped GaN crystal was grown to a thick- 
ness of 30 ^m in the same manner as in Example 23 
except that the GaN crystal 16 was grown by feeing 
ammonia at 0.27 mol/min and TMG at 150 micro- 
mol/min (V/lll ratio » 1800) and adding silane gas to 

55 these source gases. In this GaN crystal 16. the number 
of crystal defects in a tower-side region up to a level of 
about 5 ^m from the interface between the crystal 16 
and an underlayer 12 was large, and a region above this 
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lower-side region had a small number of crystal defects 
(10^/cm^ or less) and could be satisfactorily used as a 
nitride semiconductor crystal substrate. 
[0277] Subsequently, nitride semiconductor layers 
211 to 219 identical to those in Example 23 were s 
formed. In this case, an LD device was obtain^ in the 
same manner as in Example 23 exc^ that a portion of 
the GaN crystal 16 was remove up to a depth of about 
6 fim from the upper surface by etching to expose the 
GaN crystal 16 in a region having relatively many crystal 
defects, and n-side electrodes 223a and 223b were 
formed on the expose surfaces. Similar to the LD 
device of Example 23, this LD device continuously oscil- 
lated with a low threshold. Of 500 LD devices. 50% or 
more achieved service lives of 10,000 hrs or more. 

Example 26 

[0278] LD devices were manufactured by the same 
method as in Example 23 except that each GaN crystal 
16 was grown by setting the flow rate of ammonia to 
0.26 mol/min and the flow rate of TMG to 180 micro- 
mol/min (V/lll ratio = 1500). As a result, almost the 
same number of LD devices as that in Example 23 
could be obtained, which continuously oscillated with a 
low threshold. 

Exanple 27 

[0279] LD devices were manubctured by the same 
method as in Example 23 except that in growing each 
GaN crystal, the flow rate of TMG was increased to set 
the V/lll ratio to 800. As a result, almost the same 
number of LD devices as that in Example 23 could be 
obtained, which continuously oscillated with a low 
threshold. 

Example 28 

[0280] LD devices were manufactured by the same 
method as in Example 23 except that in growing each 
GaN crystal 16, the ffow rate of ammonia was set to 
0.15 mol/min and the flow rate of TMG was set to 5 mil- 
limol/min (V/lll ratio - 30). As a result, each LD device 
continuously oscillated with a low threshold. Of 500 LD 
devices arbitrarily selected from the obtained LD 
devices. 30% or more exhibited service lives of 10.000 
hrs or more. 

Example 29 

[0281] Nitride semiconductor layers 21 1 to 219 were 
grown in the same manner as in Example 23 except that 
in growing a GaN crystal 16. an Si-doped GaN crystal 
was grown to a thickness of 9 \im by doping the crystal 
with Si. When the wafer was removed from the reaction 
vessel, the wafer has warped due to the thermal expan- 
sion coefficient difference between a sapphire substrate 



1 1 and the Si-doped GaN crystal. This wafer was pol- 
ished from the sapphire substrate 1 1 side to remove the 
sapphire substrate 11, an underlayer 12. and selective 
growth masks 13. The obtained GaN crystal in a free 
state became substantially flat without warpage. 
[0282] As in Example, 23, the p-side contact layer 219 
and the p^side cladding layer 218 were etched in the 
form of a ridge, and a p-side electrode 220 and an insu- 
lating film 221 were formed. Thereafter, a p-pad elec- 
trode 222 was formed. In this case, since the selective 
growth masks 13 were remove, it was difficult to match 
the position of each ridge stripe with a con'esponding 
window portion by microscopic obsen/ation. N-side 
electrodes 223a and 223b made of Ti/AI were formed 
on almost the entire exposed lower surface, of the GaN 
crystal 16. in which many crystal defects were present. 
Thereafter, this structure was process^ in the same 
manner as in Example 23 to obtain LD devices. These 
LD devices also continuously oscillated at room tenper- 
ature with a low threshold. Of arbitrarily selected 500 LD 
devices. 70% or more exhibited service lives of 10.000 
hrs or more. 

Example 30 

[0283] This example will be described with reference 
to FIGS. 1 A to 1C and 5A and 5B. 
[0284] A sapphire substrate 11,2 inches in diameter, 
having a C plane as a major surface and an ORF sur- 
face forming an A plane was set in the MOVPE reaction 
vessel, and a low-temperature buffer layer made of GaN 
was grown on the substrate to a thickness of 200 ang- 
stroms at a temperature of 500'*C by using hydrogen 
gas as a carrier gas and TMG and ammonia as source 
gases. An undoped GaN layer was grown on the buffer 
layer to a thickness of 4 iim at a tenperature of 1 .050*'C 
to form an underlayer 12 having a two-layer structure. 
[0285] The wafer, on which this underlayer 12 was 
form^, was removed from the MOVPE reaction vessel, 
and a striped photomask was form^ on the upper sur- 
face of the underlayer 12. Then, 0.5-p,m thick first selec- 
tive growth masks 13 made up of many Si02 stripes 
having a stripe width of 10 fim and a stripe interval of 2 
^m were form^ on the wafer by using the CVD appara- 
tus. 

[0286] The wafer, on which the selective growth 
masks 13 were formed, was set in the MOVPE reaction 
vessel again, and an undoped GaN crystal 16 was 
grown on the wafer to a thickness of 30 \im at a temper- 
ature of 1,050''C by feeing ammonia at a flow rate of 
0.27 molAnin and TMG at a ffow rate of 225 micro- 
mol/min (V/lll ratio = 1200). When a GaN crystal is 
grown while the V/lll molar ratio is set to 2.000 or less, 
the GaN crystal 15 grows laterally on the mask 13 white 
the grown end face is forming a facet almost perpendic- 
ular to the plane of the mask 13. Therefore, the crystal 
16 having very few crystal defects can be obtained. The 
grown GaN crystal (MOVPE GaN crystal) 16 has a uni- 
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form surface. When this surface region was observed 
with a TEM, crystal defects extending from windows 14 
stopped halfway in the GaN crystal 16, and almost no 
crystal defects appeared on the surface. 
[0287] The wafer, on which the GaN crystal 16 was 
grown, was transferr^ to the HVPE apparatus, and an 
undoped GaN crystal 17 (HVPE GaN crystaO was 
grown on the wafer to a thickness of 200 fim by using 
Ga metal, HCI gas, and ammonia as raw materials. 
When the number of crystal defects In the surfece 
region of the obtained HVPE GaN crystal 1 7 was meas- 
ured by two-dimensional TEM observation, it was found 
that the number of crystal defect was 1 x 10^/cm^ or 
less, and hence a GaN crystal having excellent aystal- 
linity was obtained. Very few existing crystal defects 
were only crystal defects extending in a direction almost 
parallel to the plane. 

[0288] The wafer, on which HVPE GaN crystal 1 7 was 
grown, was transferred to the polishing apparatus, and 
the sapphire substrate 1 1 , the underlayer 12. the selec- 
tive growth masks 13. and the MOVPE GaN crystal 16 
were removed by using a diamond abrasive to expose 
the lower surface of the HVPE GaN crystal 17, thereby 
obtaining a GaN crystal substrate in a free state which 
has a total thickness of 195 ^m. Note that the number of 
crystal defects in the lower surface of this crystal sub- 
strate was as small as 1 x 1 0^/cm^ or less. 

Example 31 

[0289] A GaN aystal substrate in a free state was 
obtained by the same method as in Example 30 exc^t 
that in growing an HVPE GaN crystal 17. silane gas was 
add^ to source gases. GaN was grown first while it 
was doped with Si at 1 x 10^^/cm^, the flow rate of 
silane gas was decreased with the growth of GaN, and 
the GaN crystal was finally grown as GaN dop^ with Si 
at 5 X 10^®/cm^, thereby growing 200-|im thick GaN 
having an Si concentration gradient. In this GaN crystal 
substrate, the number of crystal defects in the surface 
with a small amount of Si was almost ^ual to that in the 
crystal substrate in Exanple 3. 

Example 32 

[0290] An MOVPE GaN crystal 16 was obtained by 
the same method as in Example 30 except that in grow- 
ing tiie MOVPE GaN crystal 16. silane gas was added 
to source gases. GaN was grown first while it was 
doped with Si at 1 x 1 0^^/cm^, the flow rate of silane gas 
was decreased with the growUi of GaN, and ttie GaN 
crystal was finally grown as GaN doped with Si at 1 x 
10^ ^/cm^. thereby growing 20-|im thick GaN having an 
Si concentration gradient. An Si-doped HVPE GaN 
crystal 17 was grown to a thickness of 200 jim by the 
same method as in Example 30 except that in growing 
the HVPE GaN crystal, GaN was doped with Si at 1 x 
10^ ^/cm^. Thereafter, a sapphire substrate 11, an 



underlayer 12, and selective growth masks 13 were all 
removed, and the MOVPE GaN crystal was removed by 
a thickness of 15 \m. 

[0291] In the GaN crystal substrate having the two- 
5 layer structure made up of the MOVPE GaN crystal and 
tiie HVPE GaN crystal obtain^ in the above manner, 
the number of crystal defects in tiie major surtace of tiie 
HVPE GaN crystal was almost ^ual to that in the GaN 
crystal substrate in Example 30. but the number of crys- 
10 tal defects in Vie lower surfece of tiie MOVPE GaN ays- 
tal was larger than that in the major surface of the HVPE 
GaN crystal by about one order of magnitude. 

Example 33 

IS 

[0292] This example will be described with reference 
to FIG. 12. 

[0293] An n-side contact layer 21 1 made of GaN 
doped with Si at 3 x lO^^/avP was grown on the upper 

20 surface (on the opposite side to the lower surface from 
which the sapphire substrate 11 and the like were 
remove by polishing) of an HVPE GaN aystal sub- 
strate obtain^ as in Example 30 to a thickness of 4 fim 
at I.O^^'C by using ammonia and TMG as source 

25 gases and silane gas as an inrpurity gas. 

[0294] A crack prev^tion layer 212 made of 
1^0.060^.94^ was grown on the n-side contact layer 
21 i to a thickness of 0.1 5 \xjm at a tenperature to SOO^'C 
by using TMG. TMI, and ammonia as source gases. 

30 [0295] Subsequently. 25-angstroms ttiick first layers 
(using TMA. TMG, and ammonia) made of undoped 
Alo.i6(3%).84N 25-angstroms thick second layers 
(TMG, ammonia, and silane) made of n-type GaN 
dop^ with Si at 1 X 10^^/cm^ were alternately grown on 

35 the crack prevention layer 21 2 at 1 ,050''C to grow an n- 
side cladding layer 213 having a total thickness of 1.2 
\iix\ and a superlattice structure. 
[0296] An n-side light guide layer 214 made of 
undoped GaN was grown on tiie n-side cladding layer 

40 213 to a ttiickness of 0. 1 }im at 1 ,050^0 by using TMG 
and ammonia. 

[0297] Subsequentiy. 100-angstroms tiiick barrier lay- 
ers made of undoped lno.01Gao.95N and 40-angstroms 
thick well layers made of undoped lno.2Gao.8N were 
45 alternately grown three times at a temperature of 800*'C 
to grow an active layer 21 5 having a barrier layer as the 
last layer, a total thickness of 520 angstroms, and an 
MOW structure. 

[0298] The temperature was then raised to 1 .050''C to 
so grow a p-side cap layer 216 made of p-type Alo.3Gao7N 
doped with Mg at 1 x 10^/cm^ to a thickness of 300 
angstroms by using IMG, TMA. ammonia, and Cp2Mg. 
[0299] A p-side light guide layer 217 made of GaN 
doped witii Mg at 5 x 10^^/cm^ was grown on the p-side 
55 cap layer 21 6 to a thickness of 0. 1 ^m. 

[0300] Subsequently, 25-angstroms thick first layers 
made of undoped Alo.i6Gao.84N and 25-angstroms 
tiiick second layers made of GaN doped witti Mg at 1 x 
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were alternately grown to grow a p-side clad- 
ding layer 218 having a total thickness of 0.6 |im and a 
superlattice structure. 

[0301] Finally, a p-slde contact layer 219 made of p- 
type GaN doped with i\/lg at 1 x 10^^/cm^ was grown to 
a thickness of 1 50 angstroms. 
[0302] The wafer, on which the nitride semiconductor 
layers were grown in the above manner, was removed 
from the reaction vessel. An Si02 protective film was 
then formed on the upper surface of the p-skle contact 
layer 219 as the uppermost layer, and the wafer was 
etched by RIE using SiCU gas to expose the upper sur- 
face, of the n-side contact layer 21 1 . on which an n-side 
electrode was to be formed. 

[0303] A mask having a predetermine shape was 
used for the p-side contact layer 29 as the uppemiost 
layer, and the p-side contact layer 219 and the p-side 
cladding layer 218 were etched to form a ridge stripe 
having a width of 1 fim. Thereafter, a ZrOa insulating 
film 221 was fbrm^ on the side surfaces of the ridge 
and the exposed surface of the p-side cladding layer 

218 such that the top portion of the p-side contact layer 

219 was exposed. A p-side electrode 220 electrically 
connected to the p-side contact layer 219 through the 
insulating film 221 was formed. An n-side electrode 223 
was formed on the surface, of the n-side contact layer 
21 1 , which was exposed by etching. 

[0304] After the GaN crystal substrate 1000 of the 
wafer obtain^ in the above manner was thinn^ by pol- 
ishing, the GaN crystal substrate 1000 was cleav^ to 
form a resonance surface of an LD device on the cleav- 
age surface. After cleavage, each LD device was sepa- 
rated as a chip, and the lower surface of the GaN crystal 
substrate 1000 was placed on the heat sink. This LD 
device exhibited continuous laser oscillation at room 
temperature at a threshold current density of 1.5 
kA/cm^, and a service life of 1.000 hrs or more with an 
output of 20 mW. 

[0305] In this example, the LD device was manufac- 
tured by using the substrate obtained as in Example 30. 
However, even in a structure for extracting both n- and 
p-electrodes from the same surface side, a nitride sem- 
iconductor substrate doped with an n-type impurity with 
a concentration gradient, obtained as in Examples 31 
and 32, can be used. In this case, the n-side contact 
layer 211 is not require, and the n-side electrode 223 
can be formed on the surface, of an MOVPE or HVPE 
crystal with a concentration gradient, which is exposed 
by etching. 

Example 34 

[0306] A crack prevention layer 212, an n-side clad- 
ding layer 213, an n-side light guide layer 214, an active 
layer 215. a p-side cap layer 216, a p-side light guide 
layer 21 7, a p-side cladding layer 218. and a p-side con- 
tact layer 21 9 were sequentially grown on the upper sur- 
face (on the opposite side to the lower surface from 



which the sapphire substrate 11 and the like were 
remove) of an HVPE crystal doped with Si with a con- 
centration gradient, which was obtained as in Example 
31 , in the same manner as in Example 33 without fbrm- 

5 ing the n-side contact layer 211. 

[0307] As in Example 33. the p-side contact layer 21 9 
and the p-side cladding layer 218 were etched to form a 
ridge stripe having a width of 1 ftm, an Insulating film 
221 was formed, and a p-side electrode 220 was 

10 formed on the p-side contact layer. An n-slde electrode 
223 was formed on the lower surface of the GaN crystal 
substrate. Thereafter, the GaN crystal substrate was 
polished to a thickness that allows cleavage from the 
lower surface, and the substrate was cleave in the 

IS same manner as in Example 33. thereby obfaining an 
LD device. In this example, even if the GaN crystal sub- 
strate was polishe. since a concentration gradi^t was 
set. the expose surface of the nitride semiconductor 
substrate was always a surface heavily dope with an n- 

20 type impurity. The obfaine LD device he substantially 
the same characteristics as those of Example 33. 

Example 35 

25 [0308] This exarrple will be describe with reference 
to FIGS. 7Ato7D 

[0309] A sapphire substrate 1 1 having a C plane as a 
major surface ae an ORF surface as an A plane was 
set in the iVIOVPE reaction vessel. A low-tennperature 
30 buffer layer 12 made of GaN was then grown on the 
sapphire substrate 1 1 to a thickness of about 200 ang- 
stroms at a temperature of 510''C by using hydrogen as 
a carrier gas and ammonia and WiG as source gases. 
A GaN layer 71 dope with Si at 1 x 10^®/cm^ was 
35 grown on the underlayer 12 to a thickness of 2 fim at a 
temperature of 1 ,050''C by using TMG and ammonia as 
source gases. 

[0310] After this step, a stripe photomask was 
forme on the GaN layer 71 , and 1 -^m thick silicon diox- 
40 ide stripes having a stripe width of 15 ^m and a stripe 
interval of 3 |im were forme by using the sputtering 
apparatus. The GaN layer 71 was etche halfway to 
form grooves 72 by using the RIE apparatus. The GaN 
layer 71 was expose only at the side surfaces and bot- 
45 tom surfaces of the grooves 72. Note that each silicon 
dioxide stripes exteee in a direction perpeeicular to 
the ORF surface of the sapphire substrate 1 1 . 
[031 1 ] After the grooves 72 were forme in this man- 
ner, a s^ond silicon dioxide layer was forme on the 
50 entire surface of the resultant structure, indeing the 
first silicon dioxide masks and the side ae bottom sur- 
faces of the grooves 72. Thereafter, only the portions, of 
the second silicon dioxide layer, which were locate 
above the side surfaces of the grooves 72 were etche, 
55 except for the portions above the bottom surfaces of the 
grooves 72 and the silicon dioxide stripes, by using a 
gas mixture of CF4 and O2 gases. As a result, first 
growth control masks 73 rrade of the first ae secoe 
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silicon dioxides were formed the walls between the 
adjacent grooves 72. and second growth control masks 
74 made of the second silicon dioxide were formed on 
the bottom portions of the grooves 73. 
[0312] The wafer, on which the GaN layer 71, the 
grooves 72. and the first and second growth control 
masks 73 and 74 were formed, was set in the MOVPE 
reaction vessel. A GaN crystal 76 doped with Si at 1 x 
10^ ^/cm^ was grown on the wafer to a thickness of 30 
ixm at LOSO'^C by using TMG and ammonia as source 
gases and silane gas as a dopant gas. 
[031 3] The wafer, on which the Si-doped GaN crystal 
76 was grown, was removed from the reaction vessel. 
[031 4] For comparison, the buffer layer 1 2 was grown 
on the sapphire substrate 1 1 , and the GaN layer 71 was 
grown on the buffer layer to a thickness of 30 |im to 
obtain a comparative GaN substrate. 
[031 5] When the numbers of crystal defects in the two 
GaN substrates were measured by two-dimensional 
TEM observation, it was found that the number of crys- 
tal defects in the GaN substrate in Example 35 was 6 x 
10^/cm^, whereas that in the comparative GaN sub- 
strate was 1 X 10^^/cm^. 

Example 36 

[0316] An underlayer 12 and an Si-dop^ GaN layer 
71 were grown on a sapphire substrate 1 1 by the same 
method as in Exanrple 35. Grooves 72 similar to those 
in Example 35 were formed in the GaN layer 71 by dic- 
ing. A silicon dioxide layer was form^ on the entire sur- 
face of the resultant structure. Only the portions, of the 
silicon dioxide layer, which were located on the side sur- 
faces of the grooves 72 were removed by etching to 
form first growth control masks 73 covering the top sur- 
faces of the walls between the grooves 72 and second 
growth control masks 74 covering the bottom portions of 
the grooves 72. The GaN layer 71 was exposed only at 
the side surfaces of the grooves 72. An Si-doped GaN 
crystal 76 was grown on this wafer by the same method 
as in Example 35. When the number of crystal defects 
in the obtained GaN crystal substrate 76 was meas- 
ured, a good result was obtained as in Example 35. 

Example 37 

[031 7] An Si<Joped GaN crystal 76 was grown by the 
same method as in Example 35 except that a GaN layer 
71 was etched up to a sapphire substrate 11. This GaN 
crystal had few crystal defects like the crystal in Exam- 
ple 35. 

Example 38 

[0318] This example will be described with reference 
to FIGS. 8A and 8C. 

[0319] An Si-doped GaN crystal 76 was grown to a 
thickness of 200 \m by the same method as in Example 



35. A sapphire substrate 11, an underlayer 12. a GaN 
layer 71, and growth control nrasks 73 and 74 were 
removed from this wafer by polishing to obtain an Si- 
doped GaN crystal substrate in a free state. 

5 [0320] This Si-dop^ GaN aystal substrate (substrate 
1000) was set in the ly/lOVPE reaction vessel of the 
MOVPE apparatus, and a high-temperature buffer layer 
81 made of GaN dop^l with Si at 1 x 10^^/cm^ was 
grown on the upper surface of the sut)strate at 1 ,050''C. 

10 [0321] Subsequently, a 20-angstroms thick 
lno.4Gao.6N active layer 82 having a single quantum well 
structure, a0.3-angstroms thick p-side cladding layer 83 
made of Alo^Gao.sN doped with Mg at 1 x 10^^/cm^, 
and a 0.5-|jim thick p-side contact layer 84 made of GaN 

15 doped with iVIg at 1 x 10^^/cm^ were s^uentially grown 
on this high-temperature buffer layer 81 . 
[0322] The wafer, on which the nitride semiconductor 
layers were formed in this manner, was removed from 
the reaction vessel and was annealed in a nitrogen 

20 atmosphere at eoO^'C to decrease the resistances of the 
p-side cladding layer 83 and the p-side contact layer 84. 
Thereafter, etching was performed form the p-skie con- 
tact layer 84 side to expose the upper surface of the 
GaN crystal substrate 1000. 

25 [0323] After the etching step, a 200-angstroms thick 
light-transmitting p-electrode 85 made of Ni/Au was 
formed on almost the entire upper surface of the p-side 
contact layer 84. A 0.5-M.m thick pad electrode 86 for 
bonding was formed on the p-electrode 35. 

30 [0324] Subsequently, a 0.5-fim thick n-side electrode 
87 was formed on the entire lower surface of the GaN 
crystal substrate 1000. 

[0325] The obtained wafer was scribed from the n- 
electrode 87 side to cleave the M plane ((IT00) plane) 

35 of the GaN substrate 1 000 along a surface perpendicu- 
lar to the M plane, ther^y obtaining a 300-|im square 
LED chip. This LED emitt^ 520-nm green light with 20 
mA. The output level and electrostatic breakdown volt- 
age of the LED were twice or more those of a device 

40 obtained by growing a nitride semiconductor device 
structure on a conventional sapphire substrate. That is, 
this device exhibited excellent characteristics. 

Example 39 

45 

[0326] This example will be desaibed with reference 
to FIG. 10. 

[0327] An Si-dop^ GaN crystal 76 was grown to a 
thickness of 200 |im by the same method as in Example 

50 35. A sapphire substrate 11, an underlayer 12. a GaN 
layer 71. and growth control nriasks 73 and 74 were 
remove from this wafer by polishing to obtain an Si- 
doped GaN crystal substrate in a free state. 
[0328] This Si-dop^ GaN aystal substrate (substrate 

55 1000) was set in the MOVPE reaction vessel of the 
MOVPE apparatus. A total of 100 20-angstroms thick 
first layers made of n-type AIq 2Gao.8N doped with Si at 
1 X ^O^Vcvr? and 20-angstroms thick second layers 
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made of undoped QaN were aiternately grown on the 
upper surface of the Si-doped GaN crystal substrate 
1 000 without forming a buffer layer 21 1 and a crack pre- 
vention layer 212 to form an n-side cladding layer 213 
having a total thickness of 0.4 fim and a superlattice 
structure. 

[0329] An n-side light guide layer 214 made of n-type 
GaN doped with Si at 1 x 1 o''^/cm^ was grown on the n- 
side cladding layer 213 to a thickness of 0.1 fim. 
[0330] Subsequently. 25-angstroms thick well layers 
made of Ino.2Gao.8N doped with Si at 1 x 10^^/cm^ and 
50-angstroms thick barrier layers made of lno.01Gao.95N 
doped with Si at 1 x 10^ ^/cm^ were alternately grown to 
form an active layer 215 having a total thickness of 175 
angstroms and a multi quantum well (MQW) structure. 
[0331] A p-side cap layer 216 made of p-type 
Alo.3Gao.9N doped with Mg at 1 x lO^^/cm^ and having 
a band gap energy higher than that of a p-side light 
guide layer 217 and that of the active layer 215 was 
grown to a thickness of 300 angstroms. 
[0332] The p-side light guide layer 21 7 made of p-type 
GaN doped with Mg at 1 x lO^^/cm^ and having a band 
gap energy lower than that of the p-side cap layer 216 
was grown to a thickness of 0. 1 (im. 
[0333] After this step, 20-angstroms thick first layers 
made of p*type Alo.2Gao.8N doped with Mg at 1 x 
10^^/cm^ and 20-angstroms thick second layers made 
of p-type GaN doped with Mg at 1 x 10^°/cm^ were 
alternately grown to form a p-side cladding layer 218 
having a total thickness of 0.4 ^m and a superlattice 
structure. 

[0334] Finally, a p-side contact layer 219 made of p- 
type GaN doped with Mg at 2 x 1 0^/cm^ was grown to 
a thickness of 150 angstroms. 
[0335] The wafer, on which the nitride semiconductor 
layers were formed, was annealed in a nitrogen atmos- 
phere at 700*^0 to decrease the resistance of each p- 
side layer in the reaction vessel. After the annealing 
step, the wafer was removed from the reaction vessel, 
and the p-side contact layer 219 as the uppermost layer 
and the p-side cladding layer 218 were etched by the 
RIE apparatus to obtain a ridge having a stripe with of 4 
^m. A p-side electrode 220 made of Nl/Au was then 
Ibrm^ on the entire top surface of the ridge. An Si02 
insulating film 221 was formed on the expose surbces 
of a p-side cladding layer 48 and a contact layer 49 
except for the p-electrode 220. A pad electrode 222 
electrically connected to the p-electrode 220 through 
this insulating film 221 was formed. 
[0336] After this step, a 0.5-\m thick n-side electrode 
223 made of Ti/AI was form^ on the entire lower sur- 
face of the GaN crystal substrate 1 000. A thin film made 
of Au/Sn and used for metallization for a heat sink was 
fbrm^ on the n-side electrode 223. 
[0337] Subsequently, the wafer was scribed from the 
n-electrode 223 to cleave the GaN substrate 1000 in the 
form of a bar along the M plane ((IT00) plane) of the 
GaN crystal 1000 (the plane con'esponding to a side 



surface of the hexagonal prism in FIG. 3) so as to form 
resonance surfaces. A diel^ric multilayer film made of 
Si02 and T1O2 was formed on both or one of the reso- 
nance surfaces. Finally, the bar was cut in a direction 

5 parallel to the p-electrode to obtain a laser chip. The 
chip was then placed on a heat sink with the chip facing 
up (in a state wherein the substrate opposes the heat 
sink), and the pad electrode 222 was subjected to wire 
bonding. When the resultant LD device was laser-oscil- 

10 lated at room temperature, continuous oscillation of an 
oscillation wavelength of 405 nm was obsen/ed at a 
threshold cun-ent density of 2.0 kA/cm^ and a threshold 
voltage of 4.0V. This device exhibited a sen/ice life of 
1,000 hrs or more. 

15 

Example 40 

[0338] This example will be describe with reference 
to FIG. 8. 

20 [0339] An undop^ GaN crystal 76 was grown by the 
same method as in Example 35 except for the GaN 
crystal was grown without doping it with Si. This GaN 
crystal 76 (substrate 1000) was us^ to manufacture 
the following device structure while the crystal was sup- 

25 ported on a sapphire substrate 1 1 . 

[0340] A total of 100 20-angstroms thick first layers 
made of n-type Alo.2Gao.8N dop^ with Si at 1 x 
10''^/cm^ and 20-angstroms thick second layers made 
of undoped GaN were alternately grown on the sub- 
so strata 1 000 to form an n-side cladding layer 81 having a 
total thickness of 0.4 ^m and a superlattice structure. 
[0341] A 20-angstroms thick lno.4Gao.6N active layer 
82 having a single quantum well structure, a 0.3-^m 
thick p-side cladding layer 83 made of AI0.2Gao.8N 

35 doped with Mg at 1 x lO^O/cm^. and a 0.5-fim thick p- 
side contact layer 84 made of GaN doped with Mg at 1 
X lO^/cvr? were sequentially grown on the n-side clad- 
ding layer 81. Etching was then performed from the p- 
side contact layer 84 to expose the upper surface of the 

40 n-side cladding layer 81. An n-side electrode 87 was 
formed on the exposed upper surface. A light-transmit- 
ting p-side electrode 85 was formed on almost the entire 
surface of the p-side contact layer 84. A pad electrode 
86 for bonding was formed on the electrode 85. Finally, 

45 the lower surface of the sapphire substrate was pol- 
ished to a thickness of about 50 ^m, and the polished 
surface was scribe to obtain a 350-^m square device. 
[0342] The output level and the electrostatic break- 
down voltage of the obtain^ LED device increase 

60 about 1 .5 times those of the LED device of Example 38. 

Claims 

1 . A nitride semiconductor growth method comprising 
55 the steps of: 

(a) forming a first selective growth mask on a 
support member made up of a dissimilar sub- 
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strate made of a material different from a nitride 
semiconductor and having a major surface, 
and an underlayer made of a nitride semicon- 
ductor formed on the major surface of the dis- 
similar suk)strate, said first selective growth 
mask having a plurality of first windows selec- 
tively exposing an upper surface of the under- 
layer of the support member; and 
(b) growing nitride semiconductor portions 
from the upper surfiace portions, of the under- 
layer, which are expose from the windows, by 
using a gaseous Group 3 element source and a 
gaseous nitrogen source, until the nitride semi- 
conductor portions grown in the adjacent win- 
dows combine with each other on an upper 
surface of said selective growth mask. 

2. A method according to claim 1 . wherein a total area 
of upper surfaces of portions, of the underlayer. 
which are covered with said first selective growth 
mask is larger than that of portions, of the under- 
layer, which are exposed from the first windows. 

3. A method according to daim 2, wherein said first 
selective growth mask is made up of a plurality of 
individual stripes spaced apart from each other, 
defining the first windows therebetween, and 
extending parallel to each other. 

4. A method according to claim 3. wherein a ratio of a 
width of each of the stripes to a width of each of the 
first windows is more than 1 and not more than 20. 

5. A method according to claim 4. wherein a ratio of a 
width of each of the stripes to a width of each of the 
first windows is more than 1 and not more than 10. 

6. A method according to claim 3. wherein a width of 
each of the first windows is not more than 8 )im and 
not less than 0.1 ^m. 

7. A method according to claim 6, wherein a width of 
each of the first windows is not more than 5 ^m and 
not less than 0.1 ^m. 

8. A methods according to claim 3. wherein each of 
the stripes has a thickness of 0.01 to 5 |xm. 

9. A method according to claim 3. wherein the dissim- 
ilar substrate is a sapphire substrate having a major 
surface forming a (0001) plane, and the respective 
stripes extend in a direction perpendicular to a 
(11 20) plane of sapphire. 

10. A method according to claim 9. wherein the dissim- 
ilar substrate has an off-angled major surface. 

11. A method according to daim 10. wherein the dis- 



similar substrate has a major surface off-angled 
stepwise. 

12. A method according to claim 3, wherein the dissim- 
5 liar substrate is a sapphire substrate having a major 
surface forming a (1 120) plane, and the respective 
stripes extend in a direction perpendicular to the 
(1T20) plane of sapphire. 

10 13. A method according to claim 12, wherein the dis- 
similar substrate has an off-angled major surbce. 

14. A method according to claim 13, wherein the dis- 
similar substrate has a major surface off-angled 

15 Stepwise. 

15. A method according to claim 3. wherein the dissim- 
ilar substrate is a spinnel substrate having a major 
surface forming a (111) plane, and the respective 

20 Stripes extend in a direction perpendicular to the 
(110) plane of spinnel. 

1 6. A method according to claim 1 . wherein the stq? (b) 
further comprises doping the first nitride semicon- 

25 ductor portion with an n-type impurity during growth 
of the first nitride semiconductor portion. 

17. A method according to claim 16. wherein the n-type 
impurity is added such that a doping concentration 

30 decreases with an increase in distance from the 
dissimilar substrate. 

18. A method according to any one of dainr^ 1 to 17, 
wherein the gaseous nitrogen source and the gase- 

35 ous Group 3 element source are suppli^ at a 
molar ratio of not more than 2,000. 

19. A method according to claim 18, wherein the gase- 
ous nitrogen source and the gaseous Group 3 ele- 

40 ment source are supplied at a molar ratio of not 
more than 1,800. 

20. A method according to claim 18, wherein the gase- 
ous nitrogen source and the gaseous Group 3 ele- 

45 ment source are supplied at a molar ratio of not 
more than 1,500. 

21. A method according to claim 18. wherein the gase- 
ous nitrogen source and the gaseous Group 3 ele- 

50 ment source are supplied at a molar ratio of not less 
than 10. 

22. A method according to claim 21, wherein the gase- 
ous nitrogen source and the gaseous Group 3 ele- 

55 ment source are supplied at a molar ratio of not less 
than 30. 

23. A method according to claim 18, wherein growth of 
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the first nitride semiconductor portion in the step (b) 
is performed by a metalorganic vapor-phase epitax- 
ial method. 

24. A method according to claim 23, wherein growth of 
the nitride semiconductor portion is performed 
under a reduced pressure of 50 to 400 Torr. 

25. A method according to claim 1. wherein growth of 
the first nitride semiconductor portion in the step (b) 
is performed by a metalorganic vapor-phase epitax- 
ial method, and the method further comprises the 
step (c) of growing a second nitride semiconductor 
portion on the first nitride semiconductor portion 
grown in the step (b) by a halide vapor-phase epi- 
taxial growth method. 

26. A method according to claim 25. wherein a total 
area of upper surfaces of portions, of the under- 
layer, which are covered witii said first sel^ive 
growth mask is larger tiian tiiat of portions, of the 
underlayer, which are exposed from the first win- 
dows. 

27. A method according to claim 25. wherein said first 
selective growtii mask is made up of a plurality of 
individual stripes spac^ apart from each oHier, 
defining the first windows therebetween, and 
extending parallel to each other. 

28. A method according to daim 27. wherein a ratio of 
a width of each of tiie stripes to a width of each of 
the first windows is more than 1 and not more than 
20. 

29. A metiiod according to daim 28, wherein a ratio of 
a width of each of the stripes to a widtii of each of 
the first windows is more tiian 1 and not more than 
10, 

30. A method according to claim 28. wherein a width of 
each of the first windows is not nfK>re than 8 (im and 
not less than 0.1 ^m. 

31 . A method according to claim 28, wherein a width of 
each of the first windows is not more than 5 jim and 
not less than 0.1 \im, 

32. A method according to daim 27, wherein each of 
the stripes has a thickness of 0.01 to 5 ^m. 

33. A method according to daim 27, wherein the dis- 
similar substrate is a sapphire substrate having a 
major surface forming a (0001) plane, and the 
respective stripes extend in a direction perpendicu- 
lar to a (1 1^0) plane of sapphire. 

34. A method according to daim 33, wherein the dis- 



similar substrate has an off-angled major surface. 

35. A method according to claim 34, wherein tiie dis- 
similar subsbrate has a major surfeice off-angled 

5 stepwise. 

36. A method according to claim 35, wherein the dis- 
similar substrate is a sapphire substrate having a 
major surface forming a (1120) plane, and tiie 

10 respective stripes extend in a direction perpendicu- 
lar to the (IT20) plane of sapphire. 

37. A method according to claim 36, wherein the dis- 
similar substrate has an off-angled major surface. 

15 

38. A method according to claim 37, wherein the dis- 
similar substrate has a major surface off-angled 

stepwise. 

20 39. A method according to claim 35. wherein tiie dis- 
similar substrate is a spinnel substrate having a 
major surface forming a (111) plane, and tiie 
respective stripes extend in a direction perpendicu- 
lar to the (1 10) plane of spinnel. 

25 

40. A method according to claim 25, wherein tiie step 
(b) and/or tiie step (c) further comprises doping the 
nitride semiconductor portion with an n-type impu- 
rity during growth of the niti^ide semiconductor por- 

30 tion. 

41. A metiiod according to claim 40, wherein the n-type 
impurity is added such that a doping concentration 
decreases with an increase in distance from the 

35 dissimilar substrate. 

42. A method according to any one of claims 25 to 41 . 
wherein the gaseous nitrogen source and the gase- 
ous Group 3 element source are supplied at a 

40 molar ratio of not more than 2,000. 

43. A method according to daim 42, wherein tiie gase- 
ous niti'ogen source and tiie gaseous Group 3 ele- 
ment source are supplied at a molar ratio of not 

45 more than 1.800. 

44. A method according to daim 42, wherein tiie gase- 
ous niti^ogen source and the gaseous Group 3 ele- 
ment source are supplied at a molar ratio of not 

50 more than 1,500. 

45. A method according to claim 42. wherein tiie gase- 
ous niti-ogen source and tiie gaseous Group 3 ele- 
ment source are supplied at a molar ratio of not less 

ss tiian 10. 

46. A method according to claim 42, wherein the gase- 
ous nitrogen source and the gaseous Group 3 ele- 
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ment source are suppli^ at a molar ratio of not less 
than 30. 

47. A method according to claim 42, wherein growth of 
the nitride semiconductor portion is performed s 
under a reduce pressure of 50 to 400 Tonr. 

48. A nitride semiconductor portion growth method 
according to claim 1 , further comprising: 

10 

the step (c) of forming a second selective 
growth mask on the first nitride semiconductor 
portion grown in the step (b). said second 
selective growth mask having a plurality of s^- 
ond windows selectively exposing upper sur- is 
feces of the first nitride semiconductor 
portions; and 

the step (d) of growing second nitride semicon- 
ductor portions from the upper surfaces, of the 
first nitride semiconductor portions, which are 20 
exposed from the second windows, by using a 
gaseous Group 3 element source and a gase- 
ous nitrogen source, until the second nitride 
semiconductor portions grown in tiie adjacent 
windows combine with each other on an upper 25 
surfece of said second selective growth mask. 

49. A method according to claim 48, wherein a total 
area of upper surfaces of portions, of the under- 
layer, which are covered with said first selective 30 
growth mask is larger tiian that of portions, of the 
undertayer. which are exposed from tiie first win- 
dows, and a total area of upper surfaces of por- 
tions, of the first nitride semiconductor portions, 
which are covered with said second selective 35 
growth mask is larger than that of portions, of the 
first nitride semiconductor portions, which are 
exposed from the second windows. 

50. A method according to claim 49, wherein said first 40 
and selective growth mask are made up of a plural- 
ity of individual stripes ^ced apart from each 
other, defining the first windows therebetween, and 
extending parallel to each other. 

45 

51. A method according to daim 50, wherein a ratio of 
a width of each of tiie sti^ipes to a width of each of 
the windows is more tiian 1 and not more than 20. 

52. A method according to claim 51 , wherein a ratio of so 
a width of each of the stripes to a width of each of 
the windows is more than 1 and not more flian 10. 

53. A method according to claim 51 , wherein a width of 
each of tiie windows is not more than 8 M-m and not ss 
less than 0.1 fim. 

54. A method according to claim 53. wherein a width of 



each of the windows is not more ttian 5 fim and not 
less tiian 0.1 ^m. 

55. A method according to claim 50. wherein each of 
tiie stripes has a thickness of 0.01 to 5 ixm. 

58. A method according to claim 50, wherein tiie dis- 
similar substrate is a sapphire substrate having a 
major surfece forming a (0001) plane, and tiie 
respective stripes extend in a direction perpendicu- 
fer to a (1 120) plane of sapphire. 

57. A method according to claim 56, wherein the dis- 
similar substrate has an off-angled major surfece. 

58. A method according to claim 57, wherein tiie dis- 
similar substrate has a major surfece off-angled 
stepwise. 

59. A method according to claim 50, wherein tiie dis- 
similar substrate is a sapphire substrate having a 
major surfece forming a (1120) plane, and the 
respective sti^ipes extend in a direction perpendicu- 
lar to the (IT20) plane of sapphire. 

60. A method according to claim 59. wherein the dis- 
similar substrate has an off-angled major surfece. 

61. A method according to claim 60, wherein the dis- 
similar substrate has a major surfece off-angled 
stepwise. 

62. A method according to claim 50, wherein tiie dis- 
similar substi'ate is a spinnel substrate having a 
major surfece forming a (111) plane, and tiie 
respective stripes extend in a direction perpendicu- 
lar to the (1 10) plane of spinnel. 

63. A metiiod according to claim 48, wherein the step 
(b) and/or the step (d) further comprises doping the 
niti'ide semiconductor portion with an n-type impu- 
rity during growth of tiie first nitride semiconductor 
portion. 

64. A method according to claim 63. wherein the n-type 
impurity is added such that a doping concentration 
decreases witii an increase in distance from the 
dissimilar substrate. 

65. A method according to any one of claims 48 to 64. 
wherein flie gaseous nitrogen source and the gase- 
ous Group 3 element source are supplied at a 
molar ratio of not more than 2,000 in the step (b) 
and/or the step (d). 

66. A method according to claim 65. wherein ttie gase- 
ous nitrogen source and flie gaseous Group 3 ele- 
ment source are supplied at a molar ratio of not 
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more than 1.800. 

67. A method according to claim 65, wherein the gase- 
ous nitrogen source and the gaseous Group 3 ele- 
ment source are supplied at a molar rato of not 
more than 1 .500. 

68. A method according to claim 65. wherein the gase- 
ous nitrogen source and the gaseous Group 3 ele- 
ment source are supplied at a molar ratio of not less 
than 10. 

69. A method according to claim 65, wherein the gase- 
ous nitrogen source and the gaseous Group 3 ele- 
ment source are supplied at a molar ratio of not less 
than 30. 

70. A method according to claim 65. wherein growth of 
the nitride semiconductor portion in the step (b) 
and/or the step (d) is performed by a metal organic 
vapor-phase epitaxial method. 

71. A method according to claim 70. wherein growth of 
the nitride semiconductor portion in the step (b) 
and/or the step (d) is performed under a reduced 
pressure of 50 to 400 Ton'. 

72. A nitride semiconductor growth method comprising 
the steps of: 

(a) forming a first selective growth mask on a 
support member including a dissimilar sub- 
strate made of a material different from a nitride 
semiconductor and having a major surface, 
said first selective growth imsk having a plural- 
ity of first windows partly exposing an upper 
surface of the support member, such that a 
total area of upper surfaces of portions, of the 
support member, which are covered with said 
first selective growth mask is larger than that of 
portions, of the support member, which are 
exposed from the first windows; and 

(b) growing first nitride semiconductor portions 
from the upper surface portions, of the support 
menrtber. which are exposed from the windows, 
by using a gaseous Group 3 element source 
and a gaseous nitrogen source, until the nitride 
semiconductor portions grown in the adjacent 
windows combine with each other on an upper 
surface of said selective growth mask. 

73. A method according to claim 72, wherein said first 
selective growth mask is made up of a plurality of 
individual stripes spaced apart from each other, 
defining the first windows therebetween, and 
extending parallel to each other. 

74. A method according to claim 73. wherein a ratio of 



a width of each of the stripes to a width of each of 
the first windows is not more than 20. 

75. A method according to claim 73. wherein a ratio of 
5 a width of each of the stripes to a width of each of 

the first windows is not more than 10. 

76. A method according to claim 74, wherein a width of 
each of the first windows is not more than 8 fim and 

10 not less than 0. 1 |tm. 

77. A method according to claim 74. wherein a width of 
each of the first windows is not more than 5 ^m and 
not less than 0.1 (im. 

15 

78. A method according to claim 73, wherein each of 
the stripes has a thickness of 0.01 to 5 [im. 

79. A method according to claim 73. wherein the dis- 
20 similar substrate is a sapphire substrate having a 

major surface forming a (0001) plane, and the 
respective stripes extend in a direction perpendicu- 
lar to a (1 120) plane of sapphire. 

25 80. A method according to claim 79. wherein the dis- 
similar substrate has an off-angled major surface. 

81. A method according to claim 80. wherein the dis- 
similar substrate has a major surface off-angled 

30 Stepwise. 

82. A method according to claim 73. wherein the dis- 
similar substrate is a sapphire substrate having a 
major surface forming a (1120) plane, and the 

35 respective stripes extend in a direction perpendicu- 
lar to the (IT20) plane of sapphire. 

83. A method according to claim 82, wherein the dis- 
similar substrate has an off-angled major surface. 

40 

84. A method according to claim 83, wherein the dis- 
similar substrate has a major surface off-angled 
stepwise. 

45 85. A method according to claim 73, wherein the dis- 
similar substrate is a spinnel substrate having a 
major surface forming a (111) plane, and the 
respective stripes extend in a direction perpendicu- 
lar to the (110) plane of spinnel. 

50 

86. A method according to claim 72. wherein the step 
(b) further comprises doping the first nitride semi- 
conductor portion with an n-type impurity during 
growth of the first nitride semiconductor portion. 

55 

87. A method according to claim 86. wherein the n-type 
inrpurity is added such that a doping concentration 
decreases with an increase in distance from the 
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dissimilar substrate. 

88. A method according to any one of claims 72 to 87, 
wherein the gaseous nitrogen source and the gase- 
ous Group 3 element source are supplied at a 
molar ratio of not more than 2.000. 

89. A method according to claim 88. wherein the gase- 
ous nitrogen source and the gaseous Group 3 ele- 
ment source are supplied at a molar ratio of not 
nrx)rethan 1,800. 

90. A method according to claim 88, wherein the gase- 
ous nitrogen source and the gaseous Group 3 ele- 
ment source are supplied at a molar, ratio of not 
more than f.500. 

91. A method according to claim 88. wherein the gase- 
ous nitrogen source and the gaseous Group 3 ele- 
ment source are supplied at a molar ratio of not less 
than 10. 

92. A method according to claim 88. wherein the gase- 
ous nitrogen source and the gaseous Group 3 ele- 
ment source are supplied at a molar ratio of not less 
than 30. 

93. A method according to claim 88, wherein growth of 
the first nitride semiconductor portion in the step (b) 
Is performed by a metal organic vapor-phase epi- 
taxial method. 

94. A method according to claim 93. wherein growth of 
the nitride semiconductor portion is performed 
under a reduced pressure of 50 to 400 Torr. 

95. A method according to claim 72, wherein growth of 
the first nitride semiconductor portion in the step (b) 
Is performed by a metal organic vapor-phase epi- 
taxial method, and the method further comprises 
the step (c) of growing a second nitride semicon- 
ductor portion on the first nitride semiconductor 
portion grown in the step (b) by a halide vapor- 
phase epitaxial growth method. 

96. A method according to claim 95, wherein said first 
selective growth mask is made up of a plurality of 
individual stripes spaced apart from each other, 
defining the first windows therebetween, and 
extending parallel to each other. 

97. A method according to daim 96, wherein a ratio of 
a width of each of the stripes to a width of each of 
the first windows is not more than 20. 

98. A method according to claim 96, wherein a ratio of 
a width of each of the stripes to a width of each of 
the first windows is not more than 1 0. 



99. A method according to claim 96. wherein a width of 
each of the first windows is not more than 8 |im and 
not less than 0.1 (tm. 

5 1 00. A method according to claim 96. wherein a width of 
each of the first windows is not more than 5 \im and 
not less than 0.1 fim. 

101 .A method according to claim 96. wherein each of 
10 the stripes has a thickness of 0.01 to 5 ftm. 

102. A method according to claim 96, wherein the dis- 
similar substrate is a sapphire substrate having a 
major surface forming a (0001) plane, and the 

15 respective stripes extend in a direction perpendicu- 
lar to a (1 120) plane of sapphire. 

103. A method according to claim 102. wherein the dis- 
similar substrate has an off-angled major surface. 

20 

104. A method according to claim 103. wherein the dis- 
similar substrate has a major surbce off-angled 
stepwise. 

25 105. A method according to claim 96. wherein the dis- 
similar substrate is a sapphire substrate having a 
major surtace forming a (1120) plane, and the 
respective stripes extend in a direction perpendicu- 
lar to the (IT20) plane of sapphire. 

30 

ICS. A method according to daim 105, wherein the dis- 
similar substrate has an off-angled major surface. 

107. A method according to daim 106, wherein the dis- 
35 similar substrate has a major surlace off-angled 
stepwise. 

1(n.A method according to daim 96. wherein the dis- 
similar substrate is a ^innel substrate having a 
40 major surface forming a (111) plane, and the 
respective stripes extend in a direction perpendicu- 
lar to the (110) plane of spinnel. 

109. A method according to daim 95. wherein the step 
45 (b) and/or the step (c) further comprises doping the 
nitride semiconductor portion with an n-type impu- 
rity during growth of the first nitride semiconductor 
portion. 

50 110. A method according to claim 109. wherein the n- 
type impurity is added such that a doping concen- 
tration decreases with an increase in distance from 
the dissimilar substrate. 

55 1 1 1 .A method according to any one of claims 95 to 1 1 0. 
wherein the gaseous nitrogen source and the gase- 
ous Group 3 element source are supplied at a 
molar ratio of not more than 2.000. 
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112. A method according to claim 111, wherein the gas- 
eous nitrogen source and the gaseous Group 3 ele- 
ment source are supplied at a molar ratio of not 
more than 1,800. 

11 3. A method according to claim 111, wherein the gas- 
eous nitrogen source and the gaseous Group 3 ele- 
ment source are supplied at a molar ratio of not 
more than 1,500. 

1 1 4. A method according to claim 111. wherein the gas- 
eous nitrogen source and the gaseous Group 3 ele- 
ment source are supplied at a molar ratio of not less 
than 10. 

1 1 5. A method according to claim 111, wherein the gas- 
eous nitrogen source and the gaseous Croup 3 ele- 
ment source are supplied at a molar ratio of not less 
than 30. 

116. A method according to claim 111, wherein growth 
of the nitride semiconductor portion is performed 
under a reduced pressure of SO to 400 Ton^. 

117. A nitride semiconductor growth method according 
to claim 72, further comprising: 

the step (c) of forming a second selective 
growth mask on the first nitride semiconductor 
portion grown in the step (b), said second 
selective growth mask having a plurality of sec- 
ond windows selectively exposing upper sur- 
feces of the first nitride semiconductor 
portions; and 

the step (d) of growing second nitride semicon- 
ductor portions from the upper surfaces, of the 
first nitride semiconductor portion, which are 
exposed from the second windows, by using a 
gaseous Group 3 element source and a gase- 
ous nitrogen source, until the second nitride 
semiconductor portions grown in the adjacent 
windows combine with each other on an upper 
surface of said second selective growth mask. 

118. A method according to claim 117, wherein a total 
area of upper surfaces of portions, of the first nitride 
semiconductor portions, which are covered with 
said second selective growth mask is larger than 
that of portions, of the first nitride semiconductor 
portions, which are exposed from the second win- 
dows. 

1 1 9. A method according to claim 1 1 8. wherein said first 
and sel^ive growth mask are made up of a plural- 
ity of individual stripes ^ced apart from each 
other, defining the first windows therebetween, and 
extending parallel to each other. 



120. A method according to claim 1 19. wherein a ratio of 
a width of each of the stripes to a width of each of 
the windows is not more than 20. 

5 1 21 .A method according to claim 1 1 9. wherein a ratio of 
a width of each of the stripes to a width of each of 
the windows is not more than 10. 

122. A method according to claim 120. wherein a width 
10 of each of the windows is not more than 8 ym and 

not less than 0.1 ^m. 

123. A method according to claim 120. wherein a width 
of each of the windows is not more than 5 \m and 

IS not less than 0. 1 ]im. 

124. A method according to claim 1 19, wherein each of 
the stripes has a thickness of 0.01 to 5 fim. 

20 125. A method according to daim 1 19, wherein the dis- 
similar substrate is a sapphire substrate having a 
major surface forming a (0001) plane, and the 
respective stripes extend in a direction perpendicu- 
lar to a (1 120) plane of sapphire. 

25 

126. A method according to daim 125. wherein the dis- 
similar substrate has an off-angled major surface. 

127. A method according to daim 126. wherein the dis- 
30 similar substrate has a major surface off-angled 

stepwise. 

128. A method according to daim 119. wherein the dis- 
similar substrate is a sapphire substrate having a 

35 major surface forming a (1120) plane, and the 
respective stripes extend in a direction perpendicu- 
lar to the (1T20) plane of sapphire. 

129. A method according to daim 128. wherein the dis- 
40 similar substrate has an off-angled major surface. 

130. A method according to daim 128. wherein the dis- 
similar substrate has a major surface off-angled 
stepwise. 

45 

131 .A method according to daim 119, wherein the dis- 
similar substrate is a spinnel substrate having a 
major surface forming a (111) plane, and the 
respective stripes extend in a direction perpendicu- 
50 lar to the (1 1 0) plane of spinnel. 

132. A method according to claim 117, wherein the step 
(b) and/or the step (d) further comprises doping the 
nitride semiconductor portion with an n-type impu- 

55 rity during growth of the first nitride semiconductor 
portion. 

133. A method according to claim 132, wherein the n- 
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type impurity is add^ such that a doping concen- 
tration decreases with an increase in distance from 
the dissimilar substrate. 

134. A method according to any one of claims 117 to 
133, wherein the gaseous nitrogen source and the 
gaseous Group 3 element source are supplied at a 
molar ratio of not more than 2,000 in the step (b) 
and/or the step (d). 

135. A method according to claim 134, wherein the gas- 
eous nitrogen source and the gaseous Group 3 ele- 
ment source are supplied at a molar ratio of not 
more than 1,800. 

136. A method according to claim 134, wherein the gas- 
eous nitrogen source and the gaseous Group 3 ele- 
ment source are suppli^ at a molar ratio of not 
more than 1,500. 

137. A method according to claim 134, wherein the gas- 
eous nitrogen source and.the gaseous Croup 3 ele- 
ment source are suppli^ at a molar ratio of not less 
than 10. 

138. A method according to claim 134. wherein the gas- 
eous nitrogen source and the gaseous Group 3 ele- 
ment source are supplied at a molar ratio of not less 
than 30. 

139. A method according to daim 134, wherein growth 
of the nitride semiconductor portion in the st^ (b) 
and/or the step (d) is performed by a metal organic 
vapor-phase epitaxial method. 

140. A method according to daim 139, wherein growth 
of the nitride semiconductor portion in the step (b) 
and/or the step (d) is performed under a reduce 
pressure of 50 to 400 Torn 

141 .A nitride semiconductor growth method comprising 
the steps of: 

(a) forming a nitride semiconductor layer on a 
support member including a dissimilar sub- 
strate made of a material different from a nitride 
semiconductor and having a major surface: 

(b) forming a plurality of recess portions having 
bottom surfaces substantially parallel to an 
upper surface of the support member in said 
nitride semiconductor layer; 

(c) selectively forming a first growth control 
mask on a top surface of the nitride semicon- 
ductor layer to selectively expose the nitride 
semiconductor layer from side surfaces of the 
recess portions; and 

(d) growing a nitride semiconductor from an 
exposed surface of the nitiride semiconductor 



layer by using a gaseous Group 3 element 
source and a gaseous nitrogen source. 

142. A mettiod according to claim 141, wherein the 
5 recess portions are formed by a plurality of individ- 
ual grooves spaced apart from each other and 
extending parallel. 

143. A method according to claim 142, wherein tiie plu- 
10 rality of individual grooves have a plurality of individ- 
ual walls formed therebetween, and said first 
growtti control mask is made up of individual stripes 
formed on top surfaces of the respective individual 
walls. 

IS 

144. A method according to claim 143, wherein a total 
surface area of said first growth control mask is 
larger tiian that of bottom surfaces of tiie grooves. 

20 1 45. A mettiod according to claim 1 44, wherein a ratio of 
a widtii of each of the individual stripes to a width of 
each of the grooves is rriore than 1 and not more 
ttian 20. 

25 1 46. A method according to claim 1 45, wherein a ratio of 
a width of each of the individual sti-ipes to a width of 
each of the grooves is more than 1 and not more 
ttian 10. 

30 147. A mettiod according to daim 146, wherein each of 
ttie grooves has a depth of 500 angstroms to 5 ^m. 

148. A mettiod according to daim 143, wherein ttie dis- 
similar substrate is a sapphire substi-ate having a 

35 major surface forming a (0001) plane, and ttie 
respective individual stripes extend in a direction 
perpendicular to a (1 1?0) plane of sapphire. 

149. A mettiod according to daim 143, wherein the dis- 
40 similar substrate is a sapphire substrate having a 

major surface forming a (1120} plane, and ttie 
resp^ive individual stripes extend in a direction 
perpendicular to ttie (1 120) plane of sapphire. 

45 19). A method according to daim 143. wherein tiie dis- 
similar substrate is a spinnel substrate having a 
major surface forming a (111) plane, and ttie 
respective stripes extend in a direction perpendicu- 
lar to the (1 10) plane of spinnel. 

50 

151 .A method according to claim 141, wherein the step 
(d) furttier comprises doping ttie nitride semicon- 
ductor portion with an n-type impurity during growtti 
of the first nitride semiconductor portion. 

55 

152. A mettiod according to claim 151. wherein ttie n- 
type impurity is added such ttiat a doping concen- 
tration decreases witii an increase in distance from 
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the dissimilar substrate. 

153. A method according to any one of claims 141 to 
152, wherein the gaseous nitrogen source and the 
gaseous Group 3 element source are supplied at a s 
molar ratio of not more than 2,000. 

154. A method according to claim 153, wherein the gas- 
eous nitrogen source and the gaseous Group 3 ele- 
ment source are supplied at a molar ratio of not io 
more than 1,800. 

155. A method according to claim 153, wherein the gas- 
eous nitrogen source and the gaseous Group 3 ele- 
ment source are supplied at a molar ratio of not is 
more than 1.500. 

156. A method according to claim 153, wherein the gas- 
eous nitrogen source and the gaseous Group 3 ele- 
ment source are supplied at a molar ratio of not less 20 
than 10. 

157. A method according to claim 156, wherein the gas- 
eous nitrogen source and the gaseous Group 3 ele- 
ment source are supplied at a molar ratio of not less 2s 
than 30. 

158. A method according to claim 153. wherein growth 
of the nitride semiconductor portion in the step (d) 

is performed by a metal organic vapor-phase epi- 30 
taxial method. 

159. A method according to claim 158. wherein growth 
of the nitride semiconductor portion is performed 
under a reduced pressure of 50 to 400 Torr. 35 

1 60. A method according to claim 1 41 . wherein the step 
(c) further comprises forming a second growth con- 
trol mask on the bottom surfaces of the recess por- 
tions to selectively expose the nitride 40 
semiconductor layer from side surfaces of the 
recess portions. 

161 .A method according to claim 160, wherein the 
recess portions are formed by a plurality of Individ- 4s 
ua) grooves spaced apart from each other and 
extending parallel. 

162. A method according to claim 161, wherein the plu- 
rality of individual grooves have a plurality of Individ- so 
ual walls formed therebetween, and said first 
growth control mask is made up of individual stripes 
formed on top surfaces of the respective individual 
walls. 

55 

163. A method according to claim 162. wherein a portion 
of the nitride semiconductor layer that is exposed 
from a side surface of the recess portion has a 



thickness of not less than 100 angstroms. 

1 64. A method according to claim 162, wherein a portion 
of the nitride semiconductor layer that is exposed 
from a side surface of the recess portion has a 
thickness of 1 to lO^im. 

165. A method according to daim 162, wherein the dis- 
similar substrate is a sapphire substrate having a 
major surface forming a (0001) plane, and the 
respective individual stripes extend in a direction 
perpendicular to a (1 120) plane of sapphire. 

166. A metiiod according to daim 162, wherein the dis- 
similar substrate is a sapphire substrate having a 
major surface forming a (1120) plane, and the 
respective individual stripes extend in a direction 
perpendicular to the (1T2O) plane of sapphire. 

167. A method according to daim 162, wherein the dis- 
similar substrate is a ^innel substrate having a 
major surface forming a (111) plane, and tine 
respective stripes extend in a direction perpendicu- 
lar to the (1 10) plane of ^innel. 

168. A method according to claim 160, wherein ttie step 
(d) further comprises doping the nitride semicon- 
ductor portion with an n-type impurity during growth 
of the first nitride semiconductor portion. 

169. A metiiod according to claim 168, wherein the n- 
type impurity is added such ttiat a doping concen- 
tration decreases with an Increase in distance from 
tiie dissimilar subsfrate. 

170. A metiiod according to any one of claims 160 to 
169, wherein the gaseous nitrogen source and the 
gaseous Group 3 element source are supplied at a 
molar ratio of not more ttian 2,000. 

1 71 .A method according to claim 1 70, wherein the gas- 
eous nitrogen source and tiie gaseous Group 3 ele- 
ment source are supplied at a molar ratio of not 
more than 1 ,800. 

172. A metiiod according to claim 170, wherein tiie gas- 
^us nitrogen source and tiie gaseous Group 3 ele- 
ment source are supplied at a molar ratio of not 
more than 1.500. 

173. A metiiod according to claim 170, wherein tiie gas- 
eous nitrogen source and tiie gaseous Group 3 ele- 
ment source are supplied at a molar ratio of not less 
tiian 10. 

174. A method according to claim 170, wherein the gas- 
eous nitrogen source and the gaseous Group 3 ele- 
ment source are supplied at a molar ratio of not less 
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than 30. 

175. A method according to claim 170, wherein growth 
of the nitride semiconductor portion in the step (d) 
is performed by a metal organic vapor-phase epi- 
taxial method. 

176. A method according to daim 173, wherein growth 
of the nitride semiconductor portion is performed 
under a reduced pressure of 50 to 400 Torr. 

177. A nitride semiconductor substrate comprising a 
nitride semiconductor crystal and having first and 
second major surfaces, wherein a region near the 
first major surface has a relatively small number of 
crystal defects, and a region near the second major 
surface has a relatively large number of crystal 
defects. 

178. A substrate according to claim 177, wherein first 
regions, each having a relatively small number of 
crystal defects, and second regions, each having a 
relatively large number of crystal defects, are une- 
venly distributed in the first major surface. 

179. A substrate according to claim 177, wherein said 
substrate has a thickness of not less than 70 (im. 

180. A nitride semiconductor substrate comprising a 
nitride semiconductor crystal and having first and 
second major surfaces, characterized by the 
number of crystal defects in a surface region in the 
first major surface being not more than 1 x 10^/cm^. 

181 .A nitride semiconductor substrate according to 
claim 180, wherein said substrate is doped with an 
n-type impurity. 

182. A nitride semiconductor substrate according to 
claim 181, wherein the n-type impurity has a con- 
centration gradient in said substrate. 

183. A substrate according to claim 180, wherein said 
substrate is grown by a halide vapor-phase epitax- 
ial growth method. 

184. A nitride semiconductor device comprising a nitride 
semiconductor device structure supported on said 
nitride semiconductor substrate defined in any one 
of claims 177 to 183. 

185. A device according to claim 184, wherein said 
nitride semiconductor substrate is supported on a 
dissimilar substrate made of a material different 
from a nitride semiconductor. 

186. A nitride semiconductor growth method character- 
ized by comprising the steps of forming a nitride 



semiconductor on a support member including a 
dissimilar substrate, using said nitride semiconduc- 
tor as a seed crystal to grow a new nitride semicon- 
ductor in substantially only a lateral direction while 

5 suppressing growth of the nitride semiconductor in 
a vertical direction, and then growing the nitride 
semiconductor in both the vertical and lateral direc- 
tions, thereby obtaining an integral nitride semicon- 
ductor crystal on a substantially entire upper 

70 surtoce of the support member. 
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